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INTRODUCTION 


A I THE INSTANCE of the late Major F. pe B. Hancock, then 
Administrator, I was, on the 10th June, 1915, entrusted with 
the work of making a geological reconnaissance of the Porbandar 
State, with a view to the future development of its mineral and 
stone resources, | 
Every facility for travelling and for the collection of specimens 
and their subsequent examination was accorded ; while a workshop, 
laboratory and photographic studio were duly installed and equip- 
ped to my entire satisfaction ; but, for the lack of suitably trained 
assistants, | was obliged to do the whole of the work single-handed, 
with only such help as could be given by a mechanic, a stone-mason 
and the occasional services of the local photographer. 


Instructions were issued for the preparation of a ‘Rough Monthly 
Report’ and an additional ‘Quarterly Summary of Results’ ; and it was 
at firstintended that the latter alone should be printed and published, 
ata nominal charge, for broadcast distribution ; but, after carefully 
perusing a few of the monthly reports, Mayor Hancock, himselfa 
well-read geologist, decided that these also should be printed and 
issued as an appendix to the entire work when completed. At my 
suggestion, however, the ‘Rough Monthly Reports’ were revised 
and incorporated in form of a ‘ Narrative Report’ to precede the 
pages of the ‘ Quarterly Summary of Results,’ 


By reason of illness, Mayor Hancock found it advisable to take 
a voyage to England; but, to the regret of everyone concerned, he 
died during the journey home, on 6th May, 1916; his duties being 
left in charge of Major E. O’Brien, on the 1st May, 1916, who 
now continues as Administrator of the State. 

Reconnaissance work consisted in the selection and installation 
of suitable centres of observation called ‘ Camp-Stations,’ from which 
excursions were made so as to cover the entire countryside in their 
neighbourhoods ; and, in this way, almost every inch of ground in 
the State was traversed and exhaustively examined. During each 
excursion, copious notes were taken, and specimens secured of 
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everything likely to be of economic worth or scientific interest, 
while large samples of merchantable materials, suitable for being 
trimmed and displayed, were also collected. All specimens were 


| registered, accurately localised and Provisionally named on a list, 


which will be found recorded by instalments in their Proper places in 
the pages of the ‘ Narrative Report’; and, it may be casually noted 
that the whole of this work, even down to the labelling and packing 
of samples had to be done personally by myself in order to avoid 
mistakes. In addition to this, the field-work included the taking of a 
complete series of chips, some of them in definite directions, or of 
suitable samples for subsequent microscopical determinations or 
chemical analyses, 


Meanwhile, specimens and samples were sent at intervals from 
the camp-stations to headquarters at Porbandar City, and the work 
of preparatory or rough grinding of the rock chips, on a lapidary- 
machine was carried out by the Previously trained mechanic ; but 
the delicate work of final reduction of the thin sections and their 
Preparation as microscopical slides proved to be beyond the powers 
of the skilled mechanic and had also to be personally done by myself, 
after completion of the field work, 


Upon my return to headquarters on the 17th May, 1916, the 
laboratory and Photographic studio were overhauled and put into 
perfect working order; while several thin sections of each chosen 
specimen were Prepared and typical portions marked for photo- 


micrographs, ‘The ‘Duplex Photo-micrographic Camera,’—speci-. 


ally made by the celebrated firm of Messrs. WArson AND SONS, 
Limiren, of 313, High Holborn, London, W. C.,—and diffused day- 
light alone, without any accessory illuminating apparatus, was used 
for this work with the happiest of results. Each object having been 
adjusted to exhibit the required field-of-view, and Personally examin. 
ed and approved of, a ‘ half-plate’ picture was then taken, developed 
and Printed by the local photographer,—Mr. Jivanpas Damopa 5,— 
from which reproductions by the half-tone process were made by 
The Times Press of Bomba y. 

As the time allotted for the completion of the work within the 
period of twelve months, was found to be insufficient for further 
desirable laboratory research, extensions of time were franted,— 
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first, by the late Major Hancock and afterwards by the present 
Administrator, Major E."O’Brien,—up to the end of November, 
1916. The preparation of numerous thin sections, their examin- 
ation and determination of constituents under the microscope, the 
passing of ‘ proofs’ for press and the compilation of an exhaustive 
index, proved to be a far more arduous task than anticipated ; so 
that I found it necessary to devote the best part of my time and 
attention,—out of office,—to the completion of the work, up to the 
end of June, 1917, 


‘a 
My thanks are due to Messrs. R. SypNey Symons and R. E. 
J. M‘Cunty for their courtesy in supplying quantitative chemical 
analyses of a few typical sam ples, which will be found duly acknow- 
ledged in the pages of these reports. 


It may be specially noted, that the list of registered samples, 
presented in the ‘Narrative Report’* was submitted as merely 
Provisional ; but this has to some extent been rectified by the petro- 
graphical determinations given at the close of the ‘ Final Quarterly 
Report.’ + The only correction of importance thereby revealed, is, 
that the Dhanak Dhar rock, No. gt, described as a ‘ blue-black 
basalt,’ turns out to be of undoubted hypabyssal and not of volcanic 
origin.} 


These reports ought to be frequently consulted by engineers, 
architects, builders, contractors and stone merchants in India, asa 
trustworthy guide to the choice of an entirely new, vast and varied 
series of both building and ornamental Stones, well-calculated to 
supply long sought-for warts; and Special attention may therefore 
be directed to the information given concerning the incomparably 
strong and durable granophyres and felsites, the hitherto unutilised 
rhyolites and goodly range of ornamental igneous as well as sedi- 
mentary stones, a few of which, notably the orbicular granophyre 
and the newly-named ‘ Bharwaralite’and ‘ Tukralite ’ are probably 
unique of their kind. The petrographical determinations, now so 
generally demanded by advanced architects, ought also to furnish 
instructive pabulum for University and other students of applied 

* Fostea, ' Narrative Report," p. ii. 


Tt besten, * Final Quarterly Report, P+ 90, ef seguentes. 
+ fosfen, ‘Final Quarterly Report, p, Go, 
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geology ; while the practical notes and suggestions, by the way, 
such as the need for a Railway Station or loading platform at 
Bordi*; calls for irrigation improvements + and the reclamation of 
vast tracts of fertile land, ¢ if adopted, could scarcely fail to lead 
directly to a substantial increase of revenue. 


Finally, it is worthy of record, that the collection of specimens 
has been deposited in cabinets and shelves in the Victoria Jubilee 
Commemoration Hall, Porbandar, to form, it is hoped, the nucleus 
of a thoroughly representative State Museum. 


PORBANDAR 
KATHIAWAR, INDIA E. HOWARD ADYE 
Atgust 1917 Consulling Geologist. 





" Posten, ' Narrative Report,’ p- clxxx, 
T fostea, * Narrative Report,’ pp. clxxii, cluxiv—clxxvii, 
+ Poster, ‘Quarterly Reports,’ pp, 73) 74s 
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SW. of Bhavpura. Photomicrograph _ coe 
PLATE L.—FIG. 52.—Black Obsidian, 350 yards WNW. of Nagka, 
Photomicrograph a 


1 mile W, 


nan i 


PLATE LL.—FIG. 53—Black Obsidian, 350 yards WNW. of — 
Photomicrograph EE a nm es eee a “es 


PLATE. Li.—FIG. 54, —Hypocrystalline Rhyolite, § mile SW. of 
Nagka. Photomicrograph — : =P 
PLATE Lill.—FIG. 55. —Micropegmatitic Bhyolite, Paria Dhar, } 
mile E. of Riwiawio. Phofomicrograph — ... sp 
PLATE LIV.—FIG. 56.—Fine-textured, sige Basalt, 4 mile 
NW. by. WNW. of Bakharla. Photomicrograph . aha WF hs 
PLATE LV. —FIG. s7.—Cleaved Compact Basalt, 500 ae E. of 
Sish. Phefomicrograpé ies - a 
PLATE LVL—FIG. 58.—Pindaralite, } mile 5S. of Pindara Village. 
Photomicrograph. Fig. 59 Upper Semi-circle.—Orbltoidal Lime- 
stone, 2} miles S. by SSE. of Pindira, Camera Jucida sketch. 
Fig. "59, Lower Semi-circle.—Limonitic-limestone, 2 miles NE. 
of Bhogat, Camera lucida drawing aa 


PLATE LVIL.—FIG. 6c.—Orbitoidal Limonitic-Limestone, 2 miles 
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NE, of Bhogat. Photomicrograph = se ements nee 
PLATE LVIH.—FIG. 6:.—Consolidated Shell-sand, Light Variety, 
E. slope of Bhido Dhir. Photomicrograph a ee 
PLATE LIX.—FIG. 62.—Consolidated Shell-sand, Light Variety, 
E. slope of Bhido Dhar Phofomicrograph = we us uses 
PLATE LX.—FIG. 63.—Consolidated Shell-sand, Dark Variety, 
E. slope of Bhikdo Dhar, Photomicrograph sn we mune 
PLATE LXI.—FIG. 6,.—Consolidated Shell-sand, Dark Variety, 
E. slope of Bhido Dhir. Photomicrograph 0 eee 


PLATE LXIL—FIG. 65.—Consolidated Shell-sand, too yards WSW. 
of Tunkra. Photomicrograph. 
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PLATE LXUL—FIG. 66.—Consolidated Shell-sand, A portion of 
Fig. 65, more highly magnified. Piotomicregrapa nee 196 
PLATE LXIV.—FIG. 67.—Consolidated Shell-sand, 100 yards WSW. 
at Tunkra, across the bedding. Fiotomicrograpé va - 148 
PLATE LXV.—FIG. 68.—Consolidated Shell-sand, From another 
portion of the same preparation, Fig. 7. Photomicrogrape = ro 
PLATE LXVL—FIG. 69.—Consolidated Shell-sand, 500 yards N. 
by NNE. of Rabarikhira, Bale. Photomicrograpa ss ou a 153 
PLATE LXVII.—FIG. 70.—Consolidated Shell-samd, 500 yards N. 
by NNE, of Rabarikhira, Bale}. FPhotomicrogragA se. = ane [sa 
PLATE LXVIIL.—FIG. 7:—Foraminiferai Flagstone, +4 miles 
WSW. of Degim. FPhofomicrograps re Cea ee ee ret 
PLATE LXIX.—FIG. 72.—Foraminiferal Flagstone, Central portion 
of Fig. 7a, more highly magnifed. Phatomicroprape « oo s ise 
PLATE LXX.—FIG. 73.—Sub-receot Consolidating Shell-sand of 
BReised-beach, Khiri Khin, } mile W. of Kunchri. Photngragih +. tits 
Geological Coloured Maps with Legend 50 aes End of Volome. 
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NARRATIVE REPORT 
ON 
THE ECONOMIC GEOLOGY OF PORBANDAR STATE 
BY 
E. HOWARD ADYE, F.G.S., etc. 


DIGEST OF DIARY. 


June, 1915, 


RES THE VIGOROUS administration of Major F. De B. 
HANCOCK, a new departure has just been taken by the creation 
of a Geological Survey Department, under the control of Mr. E. Howarw 
ApyYE, Consulting Geologist, London, W., and late Director of the 
Geological Survey of Navinagar State. 
Preliminary work was commenced, when Mr. Apve took charge 
of his departmental duties on roth June, 1915. 
During the intervening days, from the roth to the 26th of June 
1915, the head-quarters of the Geological Survey (favourably situated 
at the south-eastern outskirts of the City of Porbandar) were put into 


good working order, and the permanent staff called together and indivi- - 


dually instructed concerning their future duties in the ménage of the 
establishment. 


Camp-Station .—Head-Quarters, Porbandar City. 


es). THE 23 JUNE, 1915, preparations were made for field-work 
and tents were pitched and arranged in the compound of the 
headquarters in order to drill the staff for Camp duties, 

The megascopic examination of specimens, coupled with sundry 
physical tests, can, of course, be accomplished, under ordinary circum- 
stances, without any drawback; but, it must be borne in mind, that 
on account of the “ personal equation,” errors in the determination of 
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the mineral constituents or other (organic) units of the rock-mass 
under consideration, are liable to occur frequently, even in the hands 
and under the vision of an expert. Megascopic determinations must 
therefore be taken as provisional, and, as such, will be entered, from 
time to time in the register of samples collected, until corrections can be 
made under the light sled by subsequent laboratory research. 

Under this reservation, the subjoined list of samples is now 
submitted. 








Provisional Name. Locality and Remarks. 





Rubbly, very Sandy and Ferru-jArabian sea-shore, covered by 
ginous-Limestone. tides 4m. due E. of Headquarters, 


Shell-Sand, medium  grained,|/Low dunes, for about 7,th mile 
probably Foraminiferal. inland, overlapping No, 1, 













Same formation as No. 1, but/Base of open pit-quarry, just 
additionally compacted by) NNW. of Lal Bungalow, and 
incoherent sand and ferro-| about pth mile inland, from 
ginous, calcareous, infiltrated) sea-shore. 

earth. 


Honeyoombed, Ferruginous and/Overlying No. 3 to a maximum 
| Sandy-Limestone. thickness of nearly 10 ft. 


Consolidated Shell-Sand, com-|Broken boulders, in sifu, at high- 
pact, hard, whitish-grey, sound) tide mark, 1} m. SSE. of Head. 
stone. Suitable for break-| quarters and near Palace. 

waters. 
















Grey-brown, Honeycombed and 
| Appreciably Sandy-Limestone. 
Has been used, and is a good 
strong 3rd grade building-stone 
when faced with plaster. 


mall pit-quarry (abandoned), 
called, Khetlia Khin. Quarried 


nearly 40 ft. Water-logeed 
during monsoon. Well-shaft at 
bottom, now shows underground 
water-lovel, 23 ft. from surface. 


It may be remarked, that the above-noted registered specimens 
have been collected in sound pieces of irregular sizes, technically termed 
‘hand-samples’*. When, however, minerals and rocks of special interest 
or economic worth are discovered, additional specimens of suitable 
sizes will be collected, trimmed and otherwise manipulated to display 
their intrinsic merits to the best advantage, and deposited along with 
detailed notes for the information and guidance of commercial men, 
contractors and consumers, in exhibition-cases now being designed and 
constructed for their reception. 
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NARRATIVE REPORT iil 
DIGEST OF DIARY. 


July, 1915. 


Pozzannar Crty including its immediate outskirts, is appa- 


rently built upon a comparatively recent substratum of consolidated 
shell-sand, partly of 2xolian origin, but mainly of the nature of araised- 
beach. This geological deduction is based upon premises, derived from 
careful observations of exposures along the sea-shore extending from 
the harbour in a south-easterly direction to a little beyond the Palace 
demesne; and inland, covering the area included between the sub- 
triangular boundaries afforded by the highways from Porbandar to 
Rainawiio, to Adatidna,and from thence, vid the villages of Kolikhara 
and Khipat, back to the City. Theinland evidences of geological 
structure, were gathered by an examination of superficial inequalities, 
the scarps of streams and other water courses, well-shafts and sundry 
minor excavations. 

It was found that the consolidated shell-sand, constituted by stone 
of both sub-aerial and littoral-marine origin, extends interruptediy,—by 
reason of variations in denudation from place to place —right away to 
the uplands verging upon the great miliolite-limestone series of marine 
deposits; and that both the sub-recent shell-sand which overlaps the 
older (probably Pleistocene) miliolite and the later, in this region of 
the province, rest upon the fossiliferous limonitic or Ga} limestones of 
Tertiary age. - 

Evidence in support of the above-noted observations is to be foun. 
by an examination of hand-specimens of the compactly consolidated 
shell-sand, which fringes the shore-line from Porbandar City in a south- 
eastward direction to be exceptionally well demonstrated by the huge 
breakers and lower-lying unbroken beds on the coast-line below the 
purlieus of the Rana Saheb’s Palace. These solid pieces of stone contain 
unmistakable pebbles and angular fragments of Tertiary (G4j), limonitic- 
limestone with their characteristic fossi) remains. 

Again, on the NE. bank of the city-encircling Creek, after crossing 
the bridge that spans that conduit, on the Raniwdéo Road, an excellent 
exposure is shown displaying rough, rubbly beds of either consolidated 


shell-sand or of broken miliolite, resting directly upon the yellow limonitic- 


limestone of Tertiary age. Skirting the Creek from this part, in a 
NNW. direction a small stream or nala, has been effectual in eroding 
the superficial beds, and bending southward reveals at the site of aban- 
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doned chunam-pits, a remnant of rough miliolite lying upon rubbly 


and then upon solid beds of fossiliferous Gaj limestone. The Gaj lime- 


stone, moreover, is again revealed by the E. scarp of a rivulet, the 
Wanddna Vokala, adjoining the village of Virpur, about 5} miles east- 
ward of Porbandar on the road to Riniwio. Before reaching Virpur, 
however, the somewhat doubtful character of the rubbly surface-stone 
which is seemingly co-extensive with the hard siliceo-calcareous shell- 
sand, outcropping by the Rana Saheb’s Palace and forming a rock-plain 
in continuity with the stone of the entire countryside surrounding the 
Riniwdo Road towards the limits of Virpur, the ground has been pierced 
‘by a few well-shafts, and notably by a shallow excavation about one 
‘mile SSW. of Virpur, which shows the whitish-limestone or shell-sand 
tailing down, to just barely conceal a thick, 4 to 6 feet, stratum of 
brecciated conglomerate with indications of underlying Gaj limestone 
deposits. | 
The observations recorded above were duly noted in the writer's 
field-book on the gth of July, 1915, during the traverse from Camp- 
Station I, at Head-quarters, to Camp-Station II, where tents were 
pitched on the SW. outskirts of the town of Randwdo; and the 
following samples were secured, registered and packed for future 





Locality and Remarks. 




















um-textured, very compact) below high-water mark, os & 
strong stone, with traces of Gaj| fringe of broken beds, below 


mple of Road-Metal being used)From, Contractor's heaps, on the 
* by Contractors for Porbandar) Fajmabal Road, near tho 
Roadways. Library. For testing. — 


9 |Consolidating Shell-Sand. Of fine|Base of 10 ft. Pit through Dunes 
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texture, showing incipient in-| 150 yds, from low-tide mark, ; ‘a 4 
duration. nearly opposite Hospital. ¢ Se . 
10 |Consolidated Shell-Sond. Jagged|Sub-recent formation at low- gf "| 
surface, containing shells of) water mark, Gpposite Hos- ~~ 
recent Molluaca, ete. pital, on a | 
11 |Consolidated Shell-Sand. Smooth|At extreme edge of low-tide in om he = 4 
| aurfaced , was formerly) continuntionseawardsofNo,10, 7°” 
quarried superficially. — R ae 
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Consolidated _ Shell-Sand. Con-\Same site ax No. 5. ie: 


taining fossils and fragments =e 
of Gaj Limonitic Limestone. eh 


5-7-15. JRubbly-Rock forming bulk of Surface of Roadside a little be- 
Earthy, Calcareous Conglo- dthe Rand Sabeb's Palace. ee 
merate of Shell-Sand beds off Noes thus almost every- | cat 
Sub-recent formation. where around, and now being 

need for road-metal. 


| ee but in solid ‘beds l tal Bales of Raniwio "Road, 7 + 
2 ft, thick below, overlying 6 to| miles NE. of Headquarters of Ait 
12 ins, of yellowish limy Con-| Geological Survey, Porbandar. , 
glomerato with Gaj  frag- 

| roente. * 

Limonitic-Limestone. Gij Group.|Same site as No, 14, re. 

Only 2 ft. exposed underlying Se 

conglomerate of No, 14, - “\ | 


Consolidated Shell-Sand. 2 ft..NE, bank of Créck, at other end i ppeae 
thick, very hard surface beds, of Bridge. Vide No. 14. =e 
overlying earthy and limy con- ‘a } 
glomerate containing ij | : | 
epee pebbles and frag- : J 


lRubbiy. Pink-yellow, finely-/19 miles NE. of aie Survey 
| toxtured stone, top surface of] Bungalow. Ex 
Gij Limestone, ‘The surround-| of meandering ras Nes 
ings are overlaid by rough shell-| swerves 8. and then E. to scarp 
sand rock or sandy-miliolite. | of former chunam-pit. | ed 


ag 2 Fossiliferous, Ga}, Immediately underlying No. 17, ’ << a 
imonitic Limestone. in 1 ft. thick beds. ty 


%7-15.| 19 (Consolidated Shell-Sand, merging | mile from Bridged-Creck on 
Gaj, Limonitic-Limestone. eves bain avararocier behea 
‘a Rubbly, Earthy.) used for repairing roads 
Lins Breociated mglome- 









6-71-15. 





0-7-15.) 20 


ted Shell-Sand (7) Large| Rock-Plain, 4 miles from Porban- 
sinbs 4 to 1 inches thick. Dips) dar, surrounding the Highway 
at angle of 20°, 30°-35°. to Raindwdo, : i 
9-7-15.| 2 rock-plain as No. 20. ‘The 





merate, underlying superficial! Shell-Sand tails down bere to 
bed of Shell-Sand Rock. Exca-| nil. The Conglomerate is limo- — 
: siete: overlying aj. 


y roadside well-shaft. 5 miles 
“rom Porbuntar on highway to ) 
Raniwio, any "Ne 


es 
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fragmen  Bhell-| da mr village 
ae cand fom thin layer shove, and! on 8. tide af highway 4 miles 
| of slg Limonitio Limestone) SW. of Rindiwio. 
m below. 


24 |Gaj, Limonitic-Limestone .. (Immediately underlying No, 23. 


25 |Sound Rough-textured Stone ..|Qutskirts, mile from town of 
Ruindwao on SW, side. 


Among the strictly so-called economic stones, noted in the foregoing 
list, precedence must unquestionably be accorded to the Consolidated 
Shell-Sand, and especially to those varieties of the texture that are 
available in closely compacted form capable of being extracted in 
Jarge and average-sized blocks for building purposes. Unfortunately 
however, within the limits of the traverse already accomplished, such 
stones are only exposed along the coast ; while, if quarried for inland, 
no bright prospects can be offered in the face of the fact that even if 
obtainable, pit-quarries on level-land are liable to be water-logged, 
and the probable sites are nearly all required for building purpose: 
Other sites may nevertheless be yet discovered ; and, in anticipation 
it may be recorded that the stone is so indurated as to be polishable ; 
and is so strong and tough that it can be utilised for situations subjected 
to hard wear and tear, especially in the vicinity of the sea-side,—as salt 
Spray appears to have little or no effect in the weathering and wearing- 
down of the rock-mass. 


Camp-Station I.—_Ranawao;: SW. Outskirts. 


()" THE MORNING of roth July, Igrt5, arrangements were made 
: for a first visit tothe site of the extensive miliolite-limestone 
quarries for which Porbandar State has for many years been so 
famous. A keen outlook was kept in covering the ground from its lower 
levels at the town of Randwéo up to the heights of Adatidna, (where 


_ the vast series of excavations is situated in the deep south-western 


ote eee ot He Ped grow of hills), in order to ascertain, 
it possible, the true relations of the local geological formations. 
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Ranawdo town stands about 80 feet above the mean sea-level, 
and from thence there is a gradual rise of the surface to 260 feet at 
Ranawio Railway Station. This short traverse of a trifle less than 
2 miles, shows, at Randwao, an exposure of beds of medium textured, 
light buff coloured miliolite-limestone ; but, about midway on the road 
to the Station, a small stream is encountered, which reveals, by its 
eroded channel, the undernoted interesting evidence, which may or 
may not go to prove that the ratsed-beach, en evidence, at Porbandar, 
reaches as far inland as this’spot. It all depends upon whether the 
surface stone turns out to be a consolidated shell-sand when examined 
under the microscope. It would be premature m this place to enter 
into a detailed explanation of the differences which obtain between 
consolidated shell-sands and true miliolite-limestones ; but it may here 
be stated, to be verified hereafter, that these differences can be unerringly 
demonstrated by a mere glance through thin sections of the respective 
specamens.. 

From Rinawdo Station, the quarry-trolly was taken along the 
Railway-siding wp an incline from the 260 feet level, up to the quarry- 
sites at about 296 feet above the level of the sea. Em route, several 
stoppages were made for the purpose of making field-notes and taking 
samples ;—principally, as follows’:— 

About roo yards due N. of Ranawao Station, the suriate exposure 
is peculiar, in that the beds of stone are tilted or dip at an angle of about 
45°, while the finely-textured stone, with a flaggy tendency, appears 
to be a very ferruginous miliolite of a ruddy-bufi colour and liable to be 
much honeycombed and cancellated at places. The unusual dip of the 
beds is doubtless due to false-bedding. 

Nearly one mile from Randwdo Station, alongside the Quarry 
Railway-Siding, the rock exposure on a level with the line, presents an 
aspect singularly like to that of a raised-beach, with its jagged-surface 
of consolidated shell-sand. Samples of these stones, were, of course, 


“ secured for laboratory examination ; while, about a quarter of a mile 


farther forward, the site is reached where an underground cave, called 
“ Jambuvanti Bhoira " (after one of the wives of the mythical Krishna), 
is preserved as a kind of show-place. The cave-entrance ts reached 
by a short pathway out of the beaten track and railway-siding, and 
leads down by a semi-spiral staircase, cut through the solid rock, 
for a mean depth of about 20 feet. The subterranean chambers with 


their passages, duly ventilated by a couple of vertical shafts, was, with-— 


out doubt, a natural formation, subsequently elaborated by man. Its 
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geological structure shows a series of obliquely laminated beds of coarse, 
sandy, buff-coloured miliolite-lumestone of but small commercial value, 
of a total thickness of from 20 to 25 feet, deposited directly upon a fairly 
thick substratum of brown, earthy, ferruginous incoherent -sand full 
of glittermg particles. The cave itself must have taken origin 
‘through the accumulation of underground waters and subsequent for- 
mation of a subterranean stream, which effectually swept away 
the rubbly layers of stone and also a considerable portion of the 
underlying decomposed sand, the precise nature of which remains 
to be revealed by analysis in the laboratory. 

By far the most valuable asset in economic stone, at this far-famed 
site, comes the series of miliolite-limestones, in deep deposits along the 
mighty trough at the base of the lofty hills, which form the SW. limitation 
of the Barda group of hypabyssal intrusions, now laid bare by denuda- 
tion. The miliolite itself, which like all true sedimentary deposits, 
occurs in great lenticular beds, varies considerably in total thickness 
from place to place, according to the inequalities of the base of the basin 
upon which it was successively deposited. It also naturally varies in 
quality, both vertically and horizontally, and consequently furnishes 
a very wide range of samples, differing from each other in texture, colour, 
and quantitative composition of its clastic units ; so that a correspond- 
ingly large number of grades of merchantable stone is available. 

Arrangements were therefore made with the quarries-clerk, to 
get the several contractors to send sample-blocks, vernacular trade 
names, prices current and general information incidental to the subject 
to the headquarters of the Geological Survey at Porbandar. From 
these specimens and data, it is hoped that a very complete detailed 
commercial, coupled with a scientific-report may shortly be forthcoming. 

It may be noted, en passant, that from the meagre coarse deposits 
of miliolite at the 260 feet level of Randwado Station, up to the end of 
the main Railway-siding, which rises to a maximum level of 296 feet 
above datum, there are no less than 72 loading-platforms, and a succes- 
sion of 292 quarries, of which 174 are now in active operation. It may 
also be recorded, that there is a well-shaft, at the commencement of the 
great quarry range, which has been sunk to a depth of about So feet, 
through beds of miliolite, down to the water-level underground, which 
has been conserved at that depth by the practically impervious grano- 
phyre below. 

Evidences are not wanting to show that the vast miliolite deposits 
of the Adatiana heights, are sub-marine in origin, and that they must 
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have accumulated during Post-Tertiary times, to leave their limit-mark _ 


in this locality, at about 300 feet above the level of the sea. Facts 
and figures in corroboration of this statement, will be forthcoming in 
the sequel. 

Flanking the main quarry-range from SE. to NW. on its south- 
eastern aspect, there is a lofty ridge of huge hills, rising in altitude from 
765 feet at its south-eastern to 1,077 feet at its north-western end. 
These hills give forth spurs in various directions; but agree, in being 
supplemented towards their bases by more or less parallel eminences 
or nether ridges; and ti is to these nelher ridges, made easily accessible 
by the great quarry Ratlway-siding, thal extra-special attention 1s most 
worthy of being directed. 

Although the high hills themselves would, without doubt, yield an 
almost inexhaustible supply of very useful and valuable building-stone 
in great variety, the capital required for the exploitation of mines and 
quarries, would, at the present juncture, be entirely, ‘out of the ques- 
tion."" The nether hills on the contrary, not only lie within a reason- 
able distance of the existing railway-siding, but frequently encroach 
upon the line itself; and, what is of most importance, are capable of 
yielding practically unlimited supplies of precisely those varieties of 
stone that have for many years past been clamoured for in vain, by 
progressive engineers, architects and builders in India. These desirable 
commodities are comprised by a truly magnificent series of perhaps the 
toughest and strongest of rocks in existence, and embrace examples of 
granophyric textures, in variety and value, even superior to the granite- 
porphyries, porphyrites and granophyres of the celebrated Charnwood 
Forest in England, which have long held a premier position in the stone- 
markets of the world by reason of their exceptional strength and 
durability and suitability for dock and harbour construction, embank- 
ments, road-engineering operations, and indeed for all purposes 
where resistance to both dry and wet attrition and the stress 
incidental to perpetual héavy-traffic, is considered ‘to be a sine gud 
non, 

Over and above the pronounced physical properties and manifold 
special applications enumerated above, a few of the granophyres of the 
“ Rindwdo Range,” as it may appropriately be named, justify a clarm 
fo rank jugh in the scale of ornamental stones, and are procurable in 
quantities and sizes to meet all known requirements, from the fashioning 
of polished columns, pedestals and monuments, to the manufacture of 
mantel-shelves, table-tops, clock-cases and the like. 
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i Rests 
=. toned Provisional Name. Locality and Remarks. 
own No, 
26 «| Consolidated ShellSand (1).|Railway Road, Raniwio, 1 mile 
» Denuded to 6-12 ins. Under-) SE. from Station. Searp of 
cman Sted] stream under amall bridge. 
Sie | 
-. 10-7-15.) 27 re Miliolite-Limestone. InjSame site as No, 26. The carthy 
ah | beds 2 to § ins. thick, below the| Soe ia breceinted 
ks overlapping conglomerate. large fragments of lime- 
, | 
aS 10-7-15.) 28 |Ruddy-buff, hard _ Miliolite.| 100 yu ‘yards due N. of Raniwio 
“hes | | Tilted at of 456, Railway-Station. Very ferrugi- 
i noms. 
i 


20 Jagged-topped sandy Limestone.|Nearly 1 mile NWW. by NW. of 
Riniwio Railway-Station, by 
side of Railway siding to the 
Great Quarries, 


and oof Decayed see a 1} miles NW. of Randwao Rail- 
from bottom of Cave, 25 

from surface. Cave ia called by an ascetic 

*“Jambuvanti Eboira,” after 

one of Krishna's wives. 


10-7-13.| 30 





10-7-15.| 31 |Sand and Bottom-Stone of Roof|Samo site as No. 20. 
of Nether Cave. 
10-7-15.) 32 |Top-Beds of Cave ot -- Surface stone, Same site as No 
10-7-15.; 33 (Grey Granophyre. Medium 100 ees E. of Eail-line, at 
hyritic, very tough, but is} “Navri Quarry," No. 62, at 
F slig itly weathered superfi-| about level of limestone limit 
cially. | on ridge ealled Khoria Dhar, 
10-7-15.| 34 |Dark-Grey Spherulitic, Grano-\Same locality as No, 33, but 
phyre, Very tough, in subsojl) quite close up to and for 60 yda. 
oulders, slightly weathered. ENE. of the Railway-ciding. 
10-7-15.) 35 |Highest-Grode Miliolite. 25 ft.|Towards base of Quarry No. 50, 
i _ from suriace and a little higher) Raniiwio Range. normons 
op. sound blocks are available. 
_ 10-7-15.| 36 ‘Light-baf, High-¢ Miliolite. Same sito, “ Nevri Wali” Quarry, 
. Second only to 0. 3D. but towards surface of No. 35. 
10-T-165.. Rough-Miliolite, not used. In-|Base of Quarry No. 50, about 


durated, bot fissile and buff. | 28 feet from surface. 





way Station. Formerly ocounied 











pie tosatoog Ruddy-Grey Grano-/Mohr Chopra Dhar, the nether 
hill of Mohr Chupra Dungar, 










































aan Foal Large tolerably fresh 

ie ulders in subsoil. Onght to| Porbandar Cement Works use 

7 | mo very tough) a long cart-track to this site. 

oni stone i . Ruddy part) Ruddy colour probably due to 

fg st is probably only superficial. | sun-haking and monsoon con- 

nb ditions. 

pr. 13-7-15. Pink and Black-Grey Granitoid\Under Railtine | and | ENE. 

Me Gronophyre. Very ornamental) adjoining, in huge boulders of 

“i stone, ‘i oil, at Quarry No. 158, 
13-7-15. Miliolite-Limestone. Medjum to|/Rarniwio-Range, Quarry No, 15, 

= coarse grained, light-buff, Ind) Commercially called “ Nas 

, crade stone for ordinary build-| kia,” in vernacular, by the 

<e ing blocks, quarrymen and contractors. 

; | 13-7-15. Miliolite-Limestone.  Light-bufl,|Raniwdo Range, Quarry No, 46. vib 

medium, 2 inch slabs. Slabs aro called “ Chorsi.” 

" | 

ae 13-17-15. Miliolite-Limestone, Buff-grey.|Rindwao Range Quarry, 5o- 

an ‘ Fine—grained, hard, useful) called “ Yellog-st ne, * from 

Po bailding-stene. "| Quarry No, 167. 

eA On the rath July, rors, it was found desirable for their safe pre- 

xe) servation to convey the samples collected to head-quarters at Porbandar 

if and at the same time to cover new ground by making a geological re- 

* connaissance of the sub-triangular strip of countryside bounded by 


es the Ranawdo to Porbandar high-road on the south, the cart-road from 

| Ranawado to the village of Adatidna in a north-westward direction, and 

Mi from thence, along the made-road running from Adatidna, vid Kolikhara 
and Khapat to the Capital City. 

It was noted that the surface deposits of miliolite on the compara- 

tively low-lying plain,—8o to roo feet above the sea-level, in proceeding 

from Rindwdéo to Adatidna, consists of thin beds and rubbly layers of 


J miliolite of very indifferent quality, occasionally developed to a sufficient : 
ee “ degree to tempt quarrying operations to supply local wants. On appro- 
_ aching Adatiina to within 500 yards from the SE., a small excavation 
ay revealed the presence of from 6 to § inches of a honeycombed, indurated 
oa. and finely textured miliolite, overlying about 3 feet of very ferruginous. 


one taken. The made-road from Adatidna to Porbandar was under repairs;— 
+z 





i 
— Ne at 


____ rubbly and earthly, limy conglomerate;—of both of which samples were => 
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xii a Economic GEOLOGY OF PORBANDAR STATE 
the “metal” used being collected haphazard from the surrounding 
plains, of the nature of indurated and sandy limestone, which furnishes 
a good, smooth but fugacious surface. The countryside, with its frequent 


hs €xposures of more or less of this hardened limestone, is rescued from 


utter sterility by fertile alluvium of a calcareous character indued with 
a proportion of sand and clay, washed down from the neighbouring 
uplands of miliolite and the hills of hypabyssal rocks that tower aloft. 
Close by Kolikhara, the nature of the surface varies slightly, as 
thown by a recently-sunk well-shaft in a field about 500 yards NE. of 
he village, which reveals, from above downwards, from 1 to 2 feet of 
grey alluvial detritus, covering thin beds of broken, coarse limestone 
which merges into fully ten feet, (the depth of the water-level), of a 
rubbly yellow conglomerate, full of deep red-brown pebbles of probably 
Tertiary limonitic limestone. ; 
* Samples secured during this journey are as follows :— 
















, Date. | tered | Provisional Name Locality and Remarks. 
No. | 
14-7-15.| 43 |Coarae, Sandy, Buil-brown, Hard!/é to 8 ins, surface-stono overlying 
. Limestone, No, 44. 
14-7-15,| 44 |Rubby, Calvareous, Earthy Con-|Roadside, 500 yds, SE, of Ada. 
. ny” glomerate. About 3 ft. thick.) tina, underlying No, 43. 
14-7-15.| 45 |Rubbly, Yellow Conglomerate)3 to 10 ft. below surface. New 


with Red-Brown pebbles, pro-) 


well-shaftin field, 500 vile. NE. 
bably Gaij. 


of Kolikhara. 





The proper bestowal of specimens, supervision of the work of the 
mechanic and business duties of the Clerk at the Hazur Office, necessitated 
the stay at head-quarters for two days only ; so that on the morning of 
15th July, 1915, the return journey to Camp-Station IT, at Randwdo was 
made as expeditiously as possible, 

On 17th July, 1915, an endeavour was made to examine the geolo- 





' gical structure of the hitherto untraversed tract of territory lying to the 
immediate N. and NE. of Randwdo, up to the southern flanks of the 
Barda group of hills, but although desirable, on account of the presence 
of cuttings and other exposures on and in the neighbourhood of the 
Railway-line, for about a couple of miles north-eastward from Randwao 
Station, it was found impracticable, by reason of the rough character 
of the country side and the absence of other than agricultural cart-tracks 
to examine, at least, for the time being, the structure of the area of 





































ryt about Pan square miles, lying scasrescteatoa to the north of Rinéwéo PMS A" Y, 
eek town. Ae 
‘cz 2. a 
war A few of the NW. to SE. spurs from the adiacont hills, cut across A Ay 
a ad or abut upon the Railway-line, and sometimes outcrop as outliers to © 
A =A the south beyond, and these may be presumed to yield easily accessible ms Bebe: 
ary and favourably situated material of economic importance. In the hy Se 
"h vithe meantime, the exceedingly rough cart-tract leading over a surface of : te 
ay. broken beds of miliolite, from the east side of Ranawao town, and trend- Hts > %, 
_ ing NE. towards the Railway-line and thence to the village of Bordi a 
+ or Sultanpur, was followed for about 13ths miles; to a thickening, in \ ale 
x ridge-like form, of the hard, sandy, buff-coloured miliolite, which is . 
Ae largely quarried intermittently for nearly a mile running from SW. ae. 
Tee to NE., under distinctive native names, the most noteworthy of which \ + ee 
2 ah are the “ Boda Talav Khan,” and the “ Goani Khan,” both of which are 7a 
cays concerned in supplying strong second and third-grade stone, BREE: in. ae fa] 
— building-blocks for local consumption. a 
% Progressing on foot farther forward, but out of the beaten tae x wh ; 
ty over fields and rock-wastes, in a NNE. direction towards the Railway ~ | Si x 
ae line, a series of mounds constituted by great boulders, and more or less 
hen? surrounded by thin deposits of miliolite, (thereby giving them the charac- Bere hb 
int , ter of outliers), was discovered to disclose the presence of many varieties al 
fon ef sound and strong granophyres of economic worth, some of which aa | 
i t exhibit a basaltoid aspect. Samples of types of these were taken and + oes 
oa listed as follows :— 1 ways 
a | ; 2 : are 
> Regis: Be. 4 zi. 
uy . tered Provisional Name. Locality and Remarks. oy “ova 
- No. ue 

| iy 
a | ae 
pe 46 |Coarse, Sandy, Bull, Hard Milio-About jm. NE. of Randwdo aes 
y lite-Limestone, much honoy-| called “Bods Talay Khan.” = 
- combed above; but compact ai! Runs EW. to NE, ist amie =| '*% 
ty base. A strong, useful 2nd or so, and then ar ‘. 
, | Ord grade bailding-stone. — “ Goani Khan. " eb fe ee , Ady 
ex”, P heres 
= OE ee 
a a 47 jLight Bloe-grey Kock. Only|Mound outerop of Myke. About — Sila 
cat? siperieialy weathered, From| 100 yds,oval-area, 2$m.NE. = | 
ae fresh block at bottom of mound.| ot Randwdo, Nearlylm.Syof > 
ea Railway-line. Ret Ae 
Teak re 17-7-15.| 48 \Ruddy Blue-Gre any. Hooke . In-iSame stone as No. 47, but from.” , ae 
” *~—a durated by sun- jag. side of top of mound, Bice Vi) 
= pay 
eS igieah 
. i 8) v 
rok 
ae 
4 ' | Re: 
Bates 217) 
“ pe Pa 
, : aa. 








Date. | tered Provisional Name. Locality and Remarks. 








| No, 
17-7-15,| 49 |Light Blue-Grey Rock. Fresh/2} m. ENE. of Randwio Sta. 
sample, a 2nd Mound. nearer Rail- 
line, 


17-7-15.| 60 (Coarse, Grey Granophyre with)Adjoining NW. base of No. 45. 
‘ yellow-green alteration -pro. one Of many small outlying 
ducts. In huge denuded surface) exposures in this place south of 

boulders; bat very tough. the Railway-line. ‘ 


17-7-15.| 51 |Light-grey Granophyre of fine|Small outlier adjoining No. 50, 
texture, fresh and unaltered. | but ao little closer to the 
Railway-line, 


1-7-15.) 52 |Dark, Dyke Rock. Very wide and|Cuts through the Granoph 
laterally compressed, so as to! Outliers Nos. 5) and 51, and alec 
be cleaved. Laterised by) through the dyko-hillock No, 54. 
monsoon conditions, 


17-7-15.| 63 |/Cleaved Dyke, Partially altered. |Same as No. 52, but taken from 
/ summit of No, M4. 


17-7-15,) 54 |Blue-Grey Granophyre. Fresh,|Near Railway-linc, 3 m. ENE. 
and fine to medium, of Randiwao Station. 


17-7-15.| 55 [Pale Bluc-Grey Granophyre. Sun-/Outlying outcorop of spur from 
| baked, ruddy in patches at! Jerickhia Dungar. About 150 
surface. Very good, sound) yds. S.of Rail-line, and 3 m. 

stone. NE. of Raniwio Station. 


Vi-7-15.) 56 |Whitish Groy-brown,  slightly/Spur of Jerickhia Dungar. Nearly 
| altered fine grained Granophyr:. opposite No, 65, on N, side of 


from NW. to SE. marked) E. of Randwio Station, and } to 
“Naliadhar State-Jungle-) 3? m. 8. of Railway-line called 
Reserve,” on Map. “ Gurarkhi Dhir,”’ 


17-7-15.) 57 [Light Blue-grey Rock. Ridge|Large, long ridge, about 3] m. 


— Observations in continuation of those made on the 17th tnstant 
were completed on the zoth July, 1915, when an excursion from Randwdo 
Camp-Station was taken due ESE., along the made-road for a distance 
of about two miles. It was noted that the countryside on both sides, 
of the highway consists essentially of a broad flat plain of superficial 
rubbly miliolite-limestone overlying a base of earthy and limy con- 
glomerate and barely capable of cultivation in patches, A cart-track 
turning on the left-hand side, led through ploughed fields in a NNE. 
direction for another mile and a-half to the village of Bhod, and a sample 
of the soil showed signs of fertility in being composed of detrital matter 
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mainly calcareous but appreciably mixed with argillaceous matter and 
sandy particles derived from the degradation of hypabyssal rocks. 

At Bhod itself, the superficial miliolite thickens and grows very 
rough and rutty along the cart-tracks and pathless rocky-wastes, so that 
it was a matter of the utmost difficulty to make one’s way through the 
thick underscrub of stunted-babuls and the bastard-teak along an 
agricultural cart-way, (mostly over rugged dales and mounds of rough 
miliolite), which terminated abruptly by the side of a emall outlying 
hillock of light blue-grey, finely-textured, probably granophyric rock, 
lying within the boundaries of the State Jungle-Reserve known as 
Naliddhar, about 2 miles NNW. of Bhod, and just S. of the great outlier 
called Dudjhara Dungar. 

Proceeding eastward on foot to a spot about 2 miles N. by NNE. 
from Bhod, another isolated outlier trending SE., and surrounded by 
a fringe of rough coarse miliolite, within the region of the Naliddhar 
State Jungle-Reserve, and locally called Naliidhar-ka-Tobra, is found 
to consist of a mound of huge spheroidal boulders of a tough coarse 


‘brown-grey granophyre. The undulating southward slopes of this 


and of many of the neighbouring eminences, are liberally strewed with 
angular and sometimes rounded fragments of stone, mostly of the nature 
of granophyres, measuring, on an average about six inches.across. When 
these are examined’they are found to consist of tolerably fresh pieces 
of stone, superficially weathered to the depth of only a fraction of an inch- 
The coarsergrained and therefore more deeply decomposed of these lumps 
of stone together with the occasional and sometimes frequent fragments 
of miliolite with which they are generally associated, should be rejected 
and only the finer-grained fresh-looking pieces may be gathered and 
broken to from 1 to 14 inch gauge, to yield an abundance of valuable 
road-metal, at a minimum of cost for labour. 

Many thousands of cart-loads of this ready-made road-metal, so to 
speak, could be collected and conveyed to the Railway-line hard-by 
and entrained for experimental operations to Porbandar, at small cost ; 
but it must be borne in mind, that this material although vastly superior 
in points of durability and suitability for resisting severe attrition and 
crushing, to anything that has hitherto been used, cannot be counted 
on for continuous unlimited supplies ; and must necessarily fall short 
albeit not very far short, of fresh fragments dislocated by blasting. 
Then too, a constant supervision must be exercised to prevent “ scamped- 
work " and the ignorant collection of decomposed fragments and chunks 
of miliolite, which would, of course, inevitably vitiate results. 
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Patt, es eee , The specimens gathered for future examination on 20th July, rgrs, | a 
ey, | are registered as follows :— , 





Provisional Name. Locality and Remarks. — A a 








trital Soil of Miliolite and some About } mile W. of Bhod. From VE: 
Felsitic-earth from mountain-) arable ground said to be fairly ‘Sa 
washings, about 1 to 2 ft. deep) fortile for cereals, but not quite ae 
overlying thin rubbly miliolite) #0 good for cotton, which, 
and the miliolite-conglomerate| however, ia also grown there- 
below it. abouts. 


Light, Blue-grey Fine Textured |State Jungle-Reserve called 
Granophyre. Outlier of large) “ Naliadhar,” about 2 miles | 

boulders bordered by crust off NW. of Bhod, and just 8. of } 
miliolite. outlier called Dudjhira Dungar. = 


2-7-1565. 





)-7-15.| 


 «|Wariety of 59 -. os . /A fow yards Beam No, 59. 


2 miles N b " NNE. of Bhod 


\Coarse, Brown-grey Granophyre. 
| ; Pe called “ Naliidhir-ka-Tobra,"' 


In hnge boulders of ontlic 
fringed by beds of rubbly 
miliolite. 



































: es Having thus-far covered the ground eastward of Randwdo as far i 
Ak as Bhod, on the southern base, and also north-eastward, below the “% ’ 
ea, limitation of the Railway-line and including the nether half of the ae 
Bete’, Naliddhdr State-Jungle-reserve, it remained to transfer the camp to a 
hy another centre ; and accordingly, on the 21st July, 1915, a final traverse, ‘el 

te , _hereinunder noted was made from Randwdoto the villageof Bordi — = 


aw 


— . also called Sultdnpur. ) 
ay New ground was entered upon after following the north-easterly a 
rough cart-track from Randwéo Town, towards Bordi, when a spur | 
from the Barda Hills, running from NW. to SE. alongside the cart-road, 
was examined, and found to consist of an excellent, strong and tough, 


medium-textured light, grey-brown granophyre, suitable for being nar 
blasted to yield large building-blocks, and high-grade wastage for road- ck 
metalling. The huge spur lies immediately N. of the W. end of the Fie 
Naliddhar State-Jungle-reserve, and less than 4 mile S. of the Pee 
- Railway. otal 
Pau” Proceeding onward to Bordi, the roadway winds through a pass “nes 
-. ss between the hills of the final southwardly trending large spur from the P: 
: Barda group at this, its south-eastern termination. The hill to the | ie . 
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N. of the roadway at the pass, is locally known as Bora Dubba, and its 
base yields an abundance of big, fresh blocks of a pale, blue-grey, finely- 
textured granophyre. On the 5S. side of the pass, the surface of the 
ground bristles with big bosses of rock which form the base of the same 
spur in semblance of an outlier, at the NW. end of the Naliddhdr State 
Jungle-reserve. These bosses consist of a medium-grained, light brown- 
grey granophyre, which, albeit, crowded with yellowish-green alteration 
products, is very tough and strong. 

Beyond the pass the cart-road to Bordi runs NE. by ENE, close 
by the Railway-line, along what is called the “ Javantara Gara,” at the 
base of Piara Dungar (459 ft. above sea-level), with its curious crown 
of free digitoid columns pointing heavenward. The road to Bordi 
diverges slightly southward from the Railway-line to the same village, 
and almost immediately after emerging from the hill-pass on to the plain 
at the base of Piara Dungar and ESE. of Javantara Gara, crosses over 
a gentle rising of the ground, caused by the exposure of the top of a very 
broad dyke which is cut through by the Railway-line, and takes a course 
from WNW. by W. to ESE. by E. The rock of this dyke, when slightly 
weathered, presents a mottled appearance, in spots and patches of blue- 
grey and yellowish-brown. It is very hard, but somewhat splintery, 
and it is probable that when blasted, the fresh stone will lose its yellow 
brown maculation and present a deep blue-grey ground spotted with 
lighter patches of the same colour. The weathered surface assumes a 
ruddy-yellowish-brown hue, sufficiently distinct from the surrounding 
rocks to attract attention and mark the general course of thedyke above- 
ground. From observations elsewhere, this rock may be provisionally 
named a Sub-Spherulitic Felsite. It is capable of being highly polished, 
and, especially towards its weathered. suriace,—mottled blue-grey and 
yellowish-brown, furnishes material of a highly omamental character 
"which could advantageously be utilised by manufacturers of small 
stonewares, such as vases, clock-cases, ink-stands, etc.. where very large 
and uniformly marked blocks or slabs are not required. An enormous, 
but scarcely measurable quantity of the material exists at the site indi- 
cated above. 

Onward by the roadside, which swerves north-eastward to Bordi, 
the ground on either side shows outcrops of great upstanding columns 
and boulders—the representatives aboveground of vast granophyric 
subjacent structures, which stretch southward from the Barda Hills, 
and find expression on the south side by sundry outliers of considerable 
magnitude. From one of these last-named outliers which forms a 
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high-ridge, trending from NW. to SE. and constituting the central up- 
j lands of the Naliddhir State-Jungle-reserve, there stretches a spur of 
the stone of which consists of a coarsish white-grey granophyre, with » 
exceptionally “bright yellowish-green alteration-products in abundance ; 2 
but, in spite of which the rock-mass remains supremely strong and tough 























enough to resist repeated blows, on even its edges, with heavy sledge- = 
hammers. Indeed, all of the rocks exposed upon this plain around _ 
and about the village of Bordi, are of the nature of more or less coarsely- : 
textured granophyres of great strength and durability. 2 
The following is a list of the samples collected during the journey ie 
from Ranawdo to Bordi, on 21st July, 1915 :— 
Date. bared | Provisional Nome. Locality and Remarks. : 
“ 21-7-15 Groy-brown,Lig bt-colourediSpur from Barda Hills, 3m. NE. ‘ 
| medinm-textured pare hie of Rindwho on roadside to ahs 
Sound end strong Building) Bordi. Spur runs NW. to ; 
stone in immense quantity, SE, and lies just N. of Nalia- ib 
dhar Jungle-reserve. ci 
- a1-7-15 Palo, Blue-grey, Fine-textured,|Base of hill called Bora Dubba, 7 
Sound, Fresh Granophyre.) ot road-poss to Bordi, dj m. ae 
In large Boulders and Columns.) NW. of Ranawao. t 
21-7-15 Medium to Coame-textured,|Outlier, fringed at base with iL 
. Ruddy, rown-grey Grano-| Rubbly-Miliolite, opposite No. = 
: phyre with yellow-green alter-/ 63, on its 5. side, within | 
f _ 21-7-15 Mottled, Pale Blue-grey and/Very broad Dyke, low elevation, fi 
| Ruddy Brown-grey, Orna-| runs NNW. by W. to ESE. 
‘ mental, Suriace-weathered,| by E., at base of Piara Dungar 
ores a Spberulitic, Grano-| called Javantira Gari. ls ; 
phyric-Felsite. cut by Kailway-line. c. 
21-7-15 Coarse Grey Granophyre in large/Qn 8. of Roadside, 2 miles SW. x 
boulders, which would yield) of Bordi, andabout one mile MW 
f pat sound stone if blasted.) ESE. of Fiara Dungar and , ' | 
weathered, but tough. Javantéra Gard. v 
= 
21-7-15 Coarsish White-grey Granophyre.jIn huge bosses forming a dyke- 4 2. 
| Very tough but exhibiting) spur from high ridge to its 5. yr 
bright yellow-green alteration-| called Dudjhira Dungar and 7 
Resembles, but is| Ghojhira Dungar. 1} miles SW. . 
superior to the stone exposed at) of ord:. About } mile 8. of the - 
Tarani in Navanagar State.  eart- : , t 
comes = af | 
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NARRATIVE REPORT XIX 
Camp-Station I.—Bordi or Sultanpur. 
SW. Outskirts by Village. 


A. BOUT 200 YARDS S. of the village of Bordi, there is a bend of the 
! Dhingawa Vokala, which wends its way south-eastward to join the 
River Minsar about a mile SSE. of Khirasra. The southern incurved 
bank of the stream at this part shows a small but steep scarp revealing 
a thin superficial crust of coarse sandy-miliolite (6 to 12 inches) overlying, 
from 3 to 4 feet of rubbly, earthy, calcareous conglomerate, which rests 
upon large broken blocks and boulders of fine to medium-textured whitish- 
grey granophyre. Both the miliolite and its basement of conglomerate 
are completely denuded away from the northern bank of the stream, 
and the granophyre with its weathered accompaniment of felsitic sand, 
stretches northward to form the foundations of the village and to consti- 
tute an undulating rock-plain, diversified by numerous knolls and 
hillocks, right away up towards the confines of the Barda group of 
hills, These knolls and hillocks as well as the surface of the rock-plain, 
yield quite a variety of granophyres, which when blasted, as they have 
been, by the neighbouring Railway-line, all agree in being exceedingly 
tough and strong ; so resistful indeed to methods of native labour. that 
the big, dislocated blocks cast aside by the Railway labourers, remain 
to this day untouched and unutilised : while the comparatively frail, 
soft, easily-broken limestone, much of it brought from far-distant Sites, 
is being used as “ broken-metal " between the sleepers of the adjoining 
Railway-line, as well as on the roadways where and while abundant 
durable granophyre abounds ! 
A list of typical samples secured in the immediate neighbourhood of 
Bordi during the 22nd, 23rd and 24th July 1915, is hereinunder appended 
as follows :— 








Date. ooh Provisional Name. Locality and Remarks, 
anil, 








22-7-15.| 63 |Whitish-grey Granophyre. Fine-|200 yds. 8. of Bordi Nie cn XN 
piceiotig dis Hae ay butsuper-/ bank of Dhangawa Vokala, in 
iciall , and worn.) huge exposed boulders which 
Showa protective cont of secon-| also form the foundations of the 
dary material im stim. village. 





. . Po 4 , 


= '. 





= = * , 
c. a% 4 q Z Ff ; 
c] 
xXx Economic GEOLOGY OF PORBANDAR STATE 
aigie| es ee 
Date. | tered Provisional Namo. Locality and Remarks. 
No. 






















Fairly fresh specimens of Grano-| 
phyre, variation of No. 68. 


Felsitic-Sand oa se 


ame site as No. 68. Would repay 
for being : 


«. (Liberated by weathering of No. 


" a 


Coarse Light-Brown Granophyre Forms many small knolls and 
Weathered but tough. Appa-| slopes, 500 yds. and beyond 
rently continuous with Nos. 68) NNE. ot Bordi, locally called 
arc G2. Bordj Dhir-ka-Dbirdi. 

23-7-15 | 72 |Snowy-white Granophyre. Ex-|Small Excavation by side of Ginn- 

~ eeedingly tough; but weathers| ing-factory, about | mile NNE. 
thinly to yellowish-brown. of Bordji. Worth blasting. 


| Probably 
altered by contact-metamor- 
phism. 


urious variety of 72. Weathers|Adjoining No. 72. 
| to Smoke-black. 


237-15 | 74 |Laterally-Compressed Dyke of 
Granophyre, cleaved into slabs 


about 1) inches thick. 


of/Cuts throngh Nos. 72 and 73. 
The cleaved jointing dislocates 
the slabs into brick-like 


Pieces. 
23-715 | 75 |Somple of Limestone broken to|In Porbandar Territory approach- 
 gange for Railway-line. ing Sakhpur Station. 


Hrownish-grey Granophyre.jAbout 200 yards NE. of Bordi 
Coarse and very tough. Village. Blasted for Railway- 
line. 


77 |Whitish-brown Granophyre.|Blasted forRailway-line about 400 
Coarse, very tough, and with] yards due northof the Village 


Porphyritic crystals. of Bordi. 


24-7-]i. | 78 see of No. 77 sunbaked tojSame locality as No. 77. Where 
a bright-red to depth of 2-4) heaps of the blasted material 


ine hes. lic unutilised. 





The coarse granophyres revealed by the Railway cuttings north 
of Bordi, extend, superficially exposed all the way southward (SE. by 








SSE.) for about 1} miles, to an eminence 441 feet above sea-level called 


Cocachia Dhar, the west flank of which, sends out a spur of a fine fresh- 
grey, finely-textured microgranitoid granophyre in large, sound-blocks, 
even at the surface, which could be profitably utilised for monumental 
and kindred work. The base of this hill bears a thick deposit of coarse 
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sandy miliolite of but little commercial value, which however increases 
rapidly in thickness and improves in quality in a south-westward direction 
for a trifle over a mile, to terminate at the eastern basal cradle of a high- 
hill, (679 feet), called Ghojhara Dungar, where fairly brisk quarrying 
operations are being carried on, through deposits of sound second-grade 
miliohte, varying in depth from 6 to about 25 feet, and locally known 
as Ghojhdra Khan. 

Somewhat more than } mile SW. of Cocachia Dhar, the above- 
mentioned deposits of miliolite are pierced by a natural shaft, nearly 
vertical and about 20 feet deep through beds of the solid rock. This 
inlet is rumoured to lead into a cave (‘ Ghojhdra-kd-Bhoira’”) and 
subterranean passage, which leads to another cave at a very considerable 
distance on the south-eastern side of Cocachia Dhar which is accord- 
ingly named “ Cocachia-ka-Bhoira.” 

There are no roadways hereabouts;: but an excessively rutty and 
frequently deficient cart-track over miliolite and through a tangle of 
jungle-growths, eventually leads to open ground about one mile NW. of 
the small village of Anidli. Approaching to about Goo yards NW. of 
Anidli, there is a well-shaft, which discloses the geological structure 
of the immediate neighbourhood by showing (from the surface to the 
underground water-level), 2 feet of a mixed calcareo-felsitic soil, covering 
about one foot of slabs of miliolite, and finally, some ten feet of calcareo- 
felsitic subsoil, growing increasingly rich in large fragments of much- 
weathered granophyre of an originally light-grey colour and coarse 
texture. 

Aniali village is practically built upon a thin shell of coarse, sandy 
miliolite, overlying a deep layer of rubbly conglomerate which eventually 
rests upon a solid base of granophyre. This structure prevails, with 
but slight modifications in the proportionate development of the rock 
textures named above, and continues WSW. for fully 14 miles to the 
base of a south-westwardly trending ridge, the terminal hillock of which 
is called Vija Dhar. 

Vija Dhar is flanked on the east by an unusual thickening of coarse 
thin-bedded muiliolite, but at its westward end, meets the plain below 
with huge boulders and bosses of ruddy pale-grey and pale blue-grey 
granophyres of fine to medium textures, and in an apparently fresh and 
unweathered condition, save for the inevitable thin crust of decay due 
to epigene reactions. 

The samples collected during the abovenoted excursion have been 
duly registered as follows :— 


* 
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ar from W. flank of Cocachia 
Dhir,.1} m. SE. by SSE. of 
Bordi. 


ittle over dm. SW.of Cocachia 
Dhar, near vent of vertical 
) f. deep ontlet from cave 
ealled “ Ghojhira-ki-Bhoira.” 


Well-shaft, about 600 yards NW. 
Partially decayed bot toagh.| of Village of Aniali. From depth 
From subsoil boulders. of 10 feet. 


82 gpd Pale-grey, finely to|Base of terminal ridge-hillock, 
lium-textured Granophyre.) called Vija Dhar, 1jmile WEW. 


70 | Microgranitoid Granophyre.5 
Fresh-grey and finely-textured. 


60 |Miliolite-Limestone, Coarse to 
Mediom-grained, Hard, Ferru-| 
ginous, somewhat Fissile 2nd 
to Sed grado atone. 


BL (Coarse, Light-grey Granophyre. 


Probably partially «unbaked. of Aniali. 
83 |Blnish-crey Graoophyre. Appa-|A few yards from site of Nu. 82. 
rently quite fresh. 


St |Rabbly, Calcarcous Stone, with|Bed of very Shallow Stream on 
Red-brown Pebbles, ete.) alluvial Plain of detritus, (ral- 
Immediately underlying thin) careo-felsitic), 1 m. WSW. by 
erust of coarse Miliolite. SW. of Anjali. — 





' 
j 





Tents were struck at Bordi, and being no longer required for a 
os continuation of this traverse, were duly despatched to Porbandar on 
the morning of 28th July, 1915. 

At § a.m. the eastward route was taken toward the boundary of 
the State at Barda Choki. The cart-road after about half-a-mile gave 
place to agricultural tracks which were wearily followed by the edges 
of and across partially ploughed fields, to stony-ground thinly capped 
by coarse rubbly miliolite, until the terminal elevation of a very long, 
low ridge of granophyre was reached about 2} miles, ESE. by E. from 
the W. end of Bordi. This ridge was traced to rise about 1} miles NE. 
of Bordi, in Navdnagar territory, and to trend from NNW, to SSE. to 
end in the gentle slope indicated above, which ts by the cart- 
track from Bordi to the town of Khirasra. The exposed rock, very 
plentifully in evidence hereabouts, consists of a whitish-grey, fine to 
medium-textured granophyre, slightly altered to a dead-white hue 
superficially,—probably of the nature of kaolinisation. The local name 
for the ridge at this end is “ Bhavawari Dhar”; and it is presumed, from 
sledge-hammer trials, that an abundance of both useful building-stone 
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and high-grade road-metalling could be advantageously secured at this 
site by ordinary gun-powder blasting. 

Onward and eastward from this site, the route was taken along the 
well-beaten cart-track to the town of Khirasra. At first, the surround- 
ing countryside appears to be well-cultivated, proclaiming a goodly depth 
of soil: and this was confirmed by the examination of a well-shaft on 
the roadside a few hundred feet E. of the Bhavawari Dhar dyke-ridge 
of granophyre. 

Proceeding eastward and then swerving slightly to the south, for 
a distance of 11 miles over an increasingly miliolitic surface, the south- 
western side of Khirasra is reached by an excessively rutty cart-road 
skirting the west bank of a wide stream channelled through a thick 
deposit of coarse buff miliolite which is casually extracted for local 
wants. This stream in its passage southward to jom the River Mimsar 
about 4 mile from the town deepens into a picturesque gorge display- 
ing the false-bedding of the deposits to advantage, and showing the stone 
at sundry elevations to contain partially rounded large fragments of 
a previously-formed ‘miliolite. The gorge is eroded steeply on both 
sides to depths of from 15 to 20 feet entirely through beds of very inferior 
miliolite. 

Taking the beaten cart-road, due S. for about $ mile from Khirasra 
mostly over a crust of rough miliolite with scrubby growths of the 
“ Tanner’s-Cassia,”” the bed of the Dhingawa Vokala is crossed, on its 
way to join the River Minsar, and the route then bends south-eastward 
to eventually run alongside the River Minsar to an extremely steep 
declivity which leads to the ford across to the village of Walotra. The 
declivity is formed by an artificial cutting, which affords an excellent 
example of the miliolite-base, displaying gravelly'and pebbly false- 
bedded deposits beneath a thick crust of coarse miliolite, and the whole 
lying upon a very deep layer of earthy and calcareous conglomerate, full 
of partially-rounded fragments of previously-formed miliolite and of 
a goodly proportion of basalt, etc., of bedded-lava ongin. 

Walotra Village reposes on a counterpart in structure of the section 
just described and overlooks the broad but shallow bed of the River 
Minsar from its eastern bank. In a direct line E. from Walotra the 
cart-road runs for 1} miles to the village of Dyar or Sihor, and from 
thence at another mile E. by ESE., the track crosses the boundary into 
the State of Junagadh. The geological structure of the irregular quad- 
rangle bounded on the west by the River Minsar from Khirasra on’ the 
ndérth to Samldwadar Nes at the south, may practically be recorded 
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as a thinning down of the formations noted above to prevail in the neigh- 
bourhood of Walotra. It may, however, be observed that the abundant 
occurrence of pebbles of basalt in the bed of the river, at the Walotra ford, 
denotes the proximity of bedded-lavas of the Deccan-Trap Series. 
Samldwadar Nes, asmall milking-station, 1; milesS. of Walotra- 
ford and 14 miles N. of the town of Kandorna, is situated at the 
N. apex of a triangular area, the other two curvilinear sides of which 
are formed by the State-boundary bend of the River Minsar, with Kan- 
dorna at the S. point of the hypotenuse. This sub-rectangular patch of 
land is deeply overlaid with rich detrital earth, and, as a consequence, 
forms an excellent plantation-ground for a thick growth of babuls 
(deacia aralica), and intermediate shrubs of the tanner's cassia (Cassia 
auriculata) which doubtless add to the revenue of the State, and ought 
to be more widely cultivated on rock-plains and waste-lands as recla- 
mation agents, and in fitting the soil for agricultural purposes. The 
babul trees in this plantation, being bereft of continuous sea-breezes, 
were observed to be losing their “ tchutn “—or umbrella habit,—so 
characteristic of kindred growths in the vicinity of Porbandar City. 
Samples gathered during the journey, and détours, from Bordi 
Village, vid Khirasra, Walotra, Dyar and back, and from Walotra-ford 
through Samlawadar Nes to the town of Kandorna, were registered as 
follows” :— 














Regis. 
Tate. | tered 
No. 


Provisional Name. 


Locality and Remarks. 








ae Bi Whitish-grey Granophyre, medi-/2} m 

um to fine textured, and show-| The cart-track crosses the last 

ing opaque-white alteration at) low ridge of this stone; which 

weathered surface -—hooliniga-| runs from NNW. by NW., to 

tion ? lee by SE. Called Bhava- 
ari Dh. 

Indurated, Sandy  Milioli Well-shatt on roadside from Bord 
Limestone, in 3-4 in. thick beds,) to Khirssra, 24 miles ESE. by 
broken vertically into bricks} E. from Bordj. Abandoned 
forming 1 ft. 6 in, in total] sinking of well, at a depth of 
thickness, underlying 2 ft.) 16 ft. from surface. 
detrital eoil. . 

Rubbly-Miliolite from 3 ft thic 

Conglomerate, underlying No, 


m. ESE. by E. from Bordi. 
28-7-15 


ame site as No. 86. From 5 ft. 
below suriaee of ground, 


St. 
Decayed, Yellow Felsitic-Earth.|Same site forming 10 ft. thickness 
derived from Granophyre. immediately underlying No. 87. 


28-7-15 
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Camp-Station IV.—Kandorna. 
District-Bungalow, N. Outskirts of Town, 


“~AMP-WoRK Was commenced from the well-appointed District 
Bungalow at Kandorna on the morning of 2gth July, 1915, when 
the following observations were recorded in the field-book. * 

The town of Kandorna, favourably situated on an eminence of 
gently-sloping ground, is built upon the west-bank of the River Minsar ; 
and sundry excavations on the northern outskirts reveal the geological 
structure of its foundations and surroundings. 

Half-a-mile almost due E. of the centre of the town of Kandorna, 
there is a small hill of quite a different character from those already 
observed : inasmuch as its truncated conical contour, known as the 
“ hog-backed “ type,—in contradistinction to the rugged peaks peculiar 
to hills of hypabyssal or plutonic origin,—proclaims it to belong to the 
bedded-lava formations of volcanic origin, which constitute by far 
the major part of the province of Kathidwar. The hill, called Dhanak 
Dhir, stands 137 feet above the level of the sea, and its south-western 
flank slopes gently down to the made-road at its base, at a distance of 
slightly over 4 mile SE. of the District Bungalow on the other side of 
the River Minsar. Upon this slope, a small pit has been blasted, and 
from this site, fresh samples of stone were readily secured, and found 
to be composed of a slightly splintery, densely-textured, pale blue- 
black Basalt, which breaks with a conchoidal fracture, and is jointed 
vertically into large transversely-cracked columns, with but slight traces 
of spheroidal shrinkages. 

Dhanak Dhir Basalt admits of being quite easily broken to gauge 
into an angular shingle suitable for road-metal, and ought to be much 
superior to the sandy-miliolite and consolidated shell-sand now almost 
universally employed for macadamising the made-roads of Porbandar 
State. Its “ life’, as such, so to speak, cannot, of course, for a moment 
be put on a par with that of the granophyres; but may be reckoned, 
roughly, to more than trebly outlast that of the miliolites and kindred 
calcareo-arenaceous materials, in so faras resistance to attrition or 
crushing force is concerned. 

From Dhanak Dhar, the made-road in a SE. direction was taken 
for about one mile; and observations of the surrounding countryside 


E. and NE. to the State-boundary line showed a uniformly fertile region - 


of fairly deep-soiled arable land, largely calcareous, but tempered with 
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argillaceous matter derived from decayed volcanic rock from below, 
and sandy-particles of drifted detritus from the hypabyssal heights 
of the ridges and spurs of granophyres above. This kind of soil, more- 
over, was found to prevail southward as far as the village of Khijdar 
on the E. bank of the River Minsar, 2 miles SSE. of Kandorna. 

From Khijdar the cart-track, deficient at places, was followed 
practically alongside of the E. bank of the River Minsar, in a northward 
direction, to the ford across the river, opposite the north end of Kandorna. 
A good view of the scarped western-bank of the river is thuS obtained, 
displaying the geological structure of the ground upon which Kandorna 
is built, in almost diagrammatic fashion : while it may be also noticed, 
that the eastern bank of the river has been denuded of most of its miliolite 
beds, laying bare a surface composed of conglomerate. This conglo- 
merate, on approaching Dhanak Dhir is covered by a gradually thicken- 
ing shell of undenuded miliolite, which encroaches upon the base and is 
marked by its line of limitation on the hill-side slope itself. 

On the morning of 30th July, 1915, the samples gathered during 
the preceding day were packed and registered, thus — 
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Date. — Provisional Name. : Locality and Remarks. 
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29-7-15 | 89 |False-bedded, Pobbly and Gra-Shallow pits, North side of 
velly, Surface Miliolite.  Kandorna Town. 





| | | 
“0-1-15 | 90 |Hard, Sandy, Compact Reds of Immediately underlying No. 89, 
| | Usable Miliolite. | 


29-7-15 | 9 Compact Pale Blue-black Basalt../Dhanak Dhir, blasted pit on 8, 
| | | slope of Hill. 





* Kandorna District Bungalow was vacated at 8 a.m., and the tra- 
verse brought to a close by a return journey, along the highway, from 
the gate of the Bungalow, “Westward Ho!.” to Porbandar head- 
quarters, wd Wadwala, and after a brief halt at Ranawdo. 

It may be mentioned, en passant, that the made-road from Kan- 
dorna and beyond, right up to Randwao and from thence to Porbandar is 
now under repairs. The “metal being used is almost exclusively of the 
nature of either consolidated Shell-Sand or Sandy, Coarse and Rubbly- 
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Miholite ; save where, as in the immediate vicinity of Dhanak Dhar, 


advantage has been taken of the presence of an abundance of angular 
basaltic shingle, naturally detached by weathering and drifted down 
upon the hill slopes adjoining the roadway. This drifted material 
when examined, was found, for the most part, to be much decomposed 
and unfit for highway macadamising ; although doubtless quite as strong 
and durable as the coarse sandy miliolite, along with which cartloads 
appear to have been alternately and indiscriminately dumped down 
and spread upon the roadway. 

The obvious remedy, in this particular instance, would be to insist 
upon the contractor making use of the enormous supply of perfectly 
sound basalt, from the site of the small pit already alluded to as existing 
on the southern slopes of Dhanak Dhar hard by, and to thereby more 
than treble “ the life " of the highway at a minimum of extra expense 
for blasting and stone-breaking, From the contractor's view point, 
however, it would never do to endeavour to save expenses, especially 
as by so doing, at least two-thirds of his occupation would be gone. 
The same remarks, to an enhanced degree, may be made to apply to the 
utilisation of the ubiquitous granophyres of the Barda Group of hills 
and their respective outliers. 

Wayside notes, culled from the pages of the field-book, show that the 
geological structure of the countryside, with its broad and fertile fields on 
either side of the highway, is fairly constant, all the way from Kandorna 
to within a stone’s-throw of Wadwala. This may be summed up, by 
stating that, allowing for insignificant variations, the exposures, eroded 
stream channels, well-shafts and sundry excavations reveal a fairly 
deep (2 to 4 feet) layer of detrital soil, overlying a more or less thin and 
crumbly crust of rubbly miliolite, which, in its turn rests upon a base 
of limy, pebbly and gravelly conglomerate, of sometimes considerable 
thickness. 

None of the exposures reach down to below the level of the con- 
glomerate, so that it is impossible to note the nature of the underlying 
formations by direct observation. Nevertheless a shrewd guess, may be 
made in this connection, from the frequency with which foreign frag- 
ments of certain stones occur imbedded in the conglomerate. Time 
it may readily be inferred that the conglomerate at Kandorna rests 
upon a foundation of Basalt ; while that to the South of Anidli may or 
may not lie upon a base of granophyre ; and it ts just possible, that as 
soon as microscopical determinations are made, that some of these 
deposits, as well as the conglomerates in the neighbourhood of Wadwala 
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and onwards to Randwdo and Porbandar, will be proved to rest upon 


Tertiary Strata of Gaj, Limonitic-Limestone. 

Under the bridge near by the NE. end of Wadwala, there is a note- 
worthy variation in the disposition of the sub-superficial layer of lime- 
stone. The ground above it has been swept away at places; while a 
deep trench, extending for about 100 yards southward, has been dug 
for the excavation of “ road-metal." The beds of limestone immediately 
below the bridge assume by reason of weathering, a shaly appearance ; 
in slabs varying from the fraction of an inch to several inches in thick- 
ness. Farther, (about 100 yards) south, these slabs increase in thickness 
to the extent of from 1 to 2 feet or even more, and it is from these bulkier 
pieces, (which, in common with the thin shaly bits, consist of coarse- 
grained, sandy, gravelly and highly-ferruginous limestone), that the 
“road-metal’ is taken. The limestone rests upon a pebbly, sandy, 
and very limy conglomerate, which has been excavated to a present 
depth of 5 to 8 feet, to yield road-dressing material. 

Proceeding WNW. along the highway from Wadwala, the fields 
on both sides are seen to be thickly strewed by the thin shaly slabs of 
sandy-limestone for a distance of about two miles, to the west side of 
the Police Choki, here noted as a landmark, where the broken crust of 
limestone vanishes and the underlying conglomerate-base tails down 
at the surface, to a diverticulum from the swamps of the great Salt Marsh 
which stretches to the south at a distance of a trifle over two miles SW. 
from the Police Choki. Beyond this arm from the body of the great 
marsh, the westward lands show varying outcrops of sandy-limestone 
and shell-sand ;—details concerning which have already been recorded. 

The following samples were duly added to the register of rocks :— 





neg a 
Date. | tered | Provisional Name. Locality and Remarks. 
No. | 
30-7-15 | 92 |Shaloid Limestone .-|Betow Bridge, just E. of Wadwiila. 
20-7-15 | 93 |Earthy, Calcareous Conglome- |Underlying No. 92. 
rate. 
30-7-15 | 4 |Marly Pr eee wae pater ge beds, 100 yds. 
Limestone, in thick | S. of No, 
30-7-15 | 95 |Large, partiniiy-rounded bit of Shaft of 25 ft. a owe new well on 8. 
| former Miliolite in Earthy, side of road, opposite 13-m. 
Limy Conglomerate. Milestone from Porbandar. 
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DIGEST OF DIARY. 


August, 1915. 


AUSE FOR SUPPLEMENTARY FIELD-WORK, in connection with the 
results of the first traverse above recorded, was occasioned 
on the 15th and 16th days of the current month as follows :-— 

In compliance with an Order from the Administrator, that the 
Director of the Geological Survey should consult with and assist the 
State Engineer. in the construction of a highway from the town of 
Raniwdo to the mountain-retreat of Khambdla, the Director, accom- 
panied by the Assistant Engineer, proceeded by the 11-20 a.m. train 
from Porbandar on Sunday, the 15th instant, to Randwado. From the 
town of Ranawdo, the cart-track to Bordi was followed as far as the 
pass between the hills already noted.* 

This journey was projected for the purpose of pointing out the 
sites of suitable material for metalling the highway, situated within 
easy distance of the proposed line of route from Randéwao to Khambala ; 
and detailed explanations of the Director's views concerning the choice 
or rejection of available materials, coupled with field demonstrations 
on the spot, together with suggestions on the construction of an ideally 
perfect and permanent highway were afforded from time to time during 
the journey. | 

Within the limited time at disposal, détours were made to a small 
outlying mound of finely-textured blue-grey granophyre, and to its 
reappearing outcrop by the side of the roadway, bounding the north- 
westward confines of the Naliadhar State Jungle-reserve. It was pointed 
out that this stone, by reason of its texture and mineral constitution 
is not prone to weather deeply, and that its spheroidal shrinkage-nuclet 
are scarcely affected at all, even under conditions of prolonged exposure 
to epigene reactions. Hence, it was recommended, that the fresh 
boulder-like blocks which lie exposed in great abundance, should be 
broken to gauge and utilised for metalling one definite section of the 
proposed highway. The stone in question has been registered in the 
collection as No. 59 

Registered No, 62, provisionally called a grey-brown, light-coloured, 
medium-textured granophyre, from the hill-spur, running from NW. 
to SE. alongside the cart-track, about 3 miles NE. of Randwao en route 
to Bordi, was next examined and pronounced to be superior to the first 


* Ut supra pp. xvi, xvii. 
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sample for resisting attrition and severe stress. It was pointed out 
that practically inexhaustible quantities of material are here available 
by the side of, and indeed, also underlying the line of proposed roadway 
at this part ; but that blasting operations would be desirable to procure 
the material at its freshest and best. Attention was also called to the 
fact that the exposed upper portions of the rock, have been sunbaked 
to a ruddy hue for several inches internally, but that the effect of this 
has been beneficial rather than otherwise, in intensifying the hardness 
of an already tough and strong texture. Sundry specks and patches 
of a greasy lustre and rusty-greenish alteration products also occur, 
and probably affect the cores of the felspar units of the rock-mass only, 
without in any way affecting its total strength and durability. 

As affording a contrast, worth noting in the discrimination of 
granophyric rocks for economic purposes, the Assistant Engineer 
was next led to the eastern side of the pass through which the cart-track 
wends its way to Bordi. The rock registered, as No. 63, and designated 
pro tem., as a “pale blue-grey, fine-textured, sound, fresh granophyre, ” 
forming the base of the hill or spur-ridge called Bora Dubba, 3} miles 
NW. of Randwado, was found, when en masse, to break with difficulty 
under the sledge-hammer ;—thereby conveying a false first impression 
of its utility for road-making purposes. When, however, detached 
large fragments were subjected to further crushing they were found to 
fracture irregularly into both splintery and small polygonal pieces, 
thereby proclaiming their unsuitability for road-metalling. There can 
be but little doubt that the rock-mass although intensely hard, is parti- 
ally felsitic or crypto-crystalline in intimate structure, and this presump- 
tion would, of course, instantly account for its behaviour under con- 
ditions of repeated blows or continuous stress, such as obtains on 
heavy traffic roadways. 

By way of contrast to the above, and in proof of the fact that prac- 
tically the same molten magma, when solidified under other conditions 
is manifested by textures of widely different physical properties, the 
continuation of the ridge on the other side of the pass was next examined 
and found, to consist of a medium to coarsely-textured, ruddy, brown 
grey granophyre, with yellow-green alteration products, occurring in 
exposure as large spheroidal boulders, in aggregate ; to form an outlier 
fringed with rubbly miliolite, but distinctly traceable to the spur of the 
adjoining ridge-hillock, within the boundaries of the Naliidhar State 
Jungle-reserve. This rock is extremely tough and strong, and although 
superficially weathered, would yield, when blasted, ample supplies 
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of excellent, durable road-metal for the local continuation of the high- 
way which is to run practically by the side of the site. 

Samples of all the abovementioned stones, were trimmed on the 
spot and handed to the Assistant Engineer for future giidance i 
selection of suitable materials, and precautions were taken to carefully 
point out exactly what portions of the rock-mass should be rejected 
when dealing with exposed material, and especially with reference to 
the mixed “‘ drift " which is frequently so plentifully strewed upon the 
slopes of the hill-sides and minor elevations. 

Opportunity was taken on the 16th August, 1915, to fill in the gap 
indicated on page xii of this report, by covering the hitherto un- 
traversed area lying for about a couple of square miles eastward of a 
base-line from the town of KRanawao to Ranawao Kailway Station. 
With coolies to carry samples, the whole of the area was traversed on 
foot, and found to be constituted at the surface, between Ranaiwio 
and the Railway-line and continuously to the east, by a rock-plain of 
alternating outcrops of rubbly beds of solid but inferior muliolite, 
diversified towards the Railway-line by thick mdges of inferior 
miliolite. 

North of the Railway-line, the ground mses markedly to form a 
long ridge or nether hill, called Bhatwari Dhar, the summit at its highest 
elevation being 260 feet above the sea level. This ridge runs from SW. 
to NE. for nearly one mile eastward of Randwiao Station, and is composed 
of a dark blue-black basaltoid rock, exposed in large spheroidal boulders, 
which,when broken,show the material to be quite fresh under a thin pel- 
licle of deep-red, probably hzmatitic weathered matter. When the rock 
is manipulated, however, it is prone to unexpectedly snap sub-rectan- 
gularly, so that it cannot be recommended for building-blocks nor yet 
even for paving setts ; but the tough shingle into which it can thus be 
easily reduced might nevertheless serve admirably for road-metal, as 
it is not by any means fissile, but breaks into hard cuboidal fragments, 
to the regulation gauge of from 1 to t} inches, At all events, the stone 
is worthy of a trial, as very much superior to the sandy miliolite or 
shell-sand rubble, now so much in vogue ; and, on account of its abundant 
development at a specially favourable site for being continuously quarried 
and conveyed to centres of consumption and distribution by the adjacent 

Bhatwari Dhar, at its base, supports a considerable deposit of 
miliolite, which, when superficially examined, appears to be of good 
merchantable quality. Trials pits on the hillside, however, have shown 
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that sound buildimg-blocks cannot be secured in sufficient quantity to 7 
justify quarrying, as the good material is much too frequently inter- : 
laminated with inferior or loosely coherent layers. “ 
Coming down once more to the level of the Railway-line, good expo- ‘ 
sures to show the geological structure of the ground are afforded by the :. 
cuttings which commence at about } mile ENE. of Randwao Station. 3 
These exposures are particularly interesting, by reason of  dis- ke’ 
playing to advantage the phenomena of columnar jointing coupled with 4 
spheroidal shrinkages so prevalent among the hypabyssal rocks of the . 


Barda group of hills. 
Continuing along the Railway-line in its north-easterly direction, - 
the line itself emerges from the cutting to the natural surface of the ‘* 


ground, and, at places, above it ; to subsequently pass through rising . 

ground formed by the tailing down of a spur from the northward heights F 
at a distance of about 2] miles ENE. by NE. from Randwéo Station. } 
This spot also marks the ENE. termination of Bhatwari Dhar while the . 

lofty peak by Khdra Vira looms clear in the distance due N. The a 
southward trending hill-spur, which is encountered by the railroad, is 

bounded on the E. by a mountain runnel, called Dorivav, which is said | 
to come all the way from Khambala ; and, on its immediate W., by an : 
obscure dyke of comparatively small dimensions,which has been revealed zy 
by a ditch-like excavation on the north side adjoining the Railway-line. ' 
Upon examination, this accessory dyke appears to have been intruded ‘ 
under conditions of sufficient lateral compression to render the rock- y 4 
mass liable to split at parts into slabs : but towards its central portions 

these slabs become so thick (one to two feet or more) as to be no longer 

recognisable as such. The stone of this dyke consists of a light blue- 4 


grey granulitoid granophyre in a tolerably fresh condition : albeit its “4 
lateral portions are prone to be sub-fissile, 

It subsequently transpired, that the writer was told by one of the 
road surveyors, that it was to this very site that the Stare ENGINEER, 
took Mr. MEAsHAm Lea, the Chief Engineer of Karachi Municipality, 
im quest of stone suitable for heavy-traffic road-metalling; but that the 
stone was rejected because of its apparent tendency to split. It is clear 
that this misapprehension must have arisen from a cursory examination 
of only a part of the lateral edges of the dyke, which by reason of intense 
pressure, (dynamic metamorphism), had undergone a kind of pseudo- 
cleavage. The central portion of the same dyke, if carefully scrutinised, 
would have been found free from such defects : and it may be presumed, 
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that it was from that source that a limited quantity of material was 
7 formerly extracted and used for making the strong steps to the Ma- 
ss dressa Library and School Buildings opposite to the Porbandar State 
Vs Had the exploring party abovementioned taken the trouble to 
er? walk about twenty yards or so farther, to the high pile of huge 
pete spheroidal boulders, which cap the base of the southward trending spur 
he: adjoining and cut through by the Railway-line, they would have 
been amply rewarded by the discovery of an admirable quarry-site for 

x just the very kind of stone they were looking for; namely, a _particu- 
ou . larly tough and strong, medium-grained light brown-grey granophyre, 
o samples of which were collected and registered as No. ror. 
x Additions to the general collection are as follows :— 





Provisional Name. Locality and Remarks. 























16-8-15 | 96 (Granophyric Felsite. Light-grey|/Railway-cutting nearly 1 m. 
with dark-grey spots, (apheru- aay of Randwio Station, 
lites 1). Resembles No. 34. From core of spheroid of 
column, 

Miliolite-Limestone. White, but|/Half-way up side of Bhatwari 
prone to Vary into rusty andl Dhar, N. of No. 96, near to the 

inferior coarse lamina. limestone limit. 

98 |Dark Bluc-black Felsitic Rock in!Summit of Bhatwari Dhir, a long 

large spheroidal  boulders.! nether-ridge at base of That- 

Fresh and very thinly weather-| wari Dungar. ae BW. to 

ps but apt to fracture sub-| NE. for nearly lm. castward 
sctangularly in unexpected| ot Raniwao Station. Weather- 

diveetiowa, when manipolated.| ed surface-pellicle is haematitic. 


#0 |Rubbly Miliolite full of Breceiated| About 1m. ENE. of Raniiwio 
Inclusions, Station :-—Railway-cutting. 


100 “Oy Blue-grey Granophyre.|N. side of Railway-outting, about 
ke pepe excavated.’ Cle-/ 2} m, ENE. by NE. of Bind 
edges only. wio Station. 


16-8-15 


16-83-15 





16-86-15 | 


16-8-15 


16-8-15 . ight Brown-grey GranophyreIn hage spheroidal boulders of 
Medium textured, slightly) spur from Khara Vira Dungar 
sunbaked, and with greenish) Adjoining N. side of Rail-road 
alteration products. Tongh) 2} m. ENE. by NE. ol 
rock. | Ranadwio Station. 





a With the exception of the field-work recorded above, the whole 
7) of the remaining days of the month were very fully utilised by work 
_--——s in. the_ office ; designing and supervising fitting and furnishing for tho 
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workshop and laboratory by the mechanic ; and preparing material for 
both workshop and laboratory operations, pending the arrival of instru- 
ments and accessories from England. - 


DIGEST OF DIARY. 
September, 1915. 


‘ITH THE EXCEPTION of a few excursions, details of which 

will be recorded in the sequel, the whole of the month of 
September 1915 was passed at headquarters in Porbandar for 
the purpose of completing workshop and laboratory arrangements 
preparatory to the detailed examination of the large collection of 
specimens secured during the first traverse through the State. 

On Monday, the 6th September 1915, the Director accompanied 
by his Assistant, proceeded in his curricle, along with the contractor 
Hajyjt EsmarL, Hayr Dana, to Randawio, with the two-fold object of 
indicating suitable quarry sites to the contractor for the extraction 
of high-grade granophyres for the supply of Karachi Municipality, and 
to cover the same ground with the State Chief Engineer and Assistant 
Engineer, in quest of road-metalling material adapted for trials on heavy- 
traffic highways. 

A halt was called at the E. end of the bridge spanning the Creek, 
on the Ranawdo Road about 24 miles eastward in a direct line from the 
centre of Porbandar City, for the purpose of securing a photograph of 
the site, where a small exposure, shows a thin deposit of coarse miliolite, 
overlying Tertiary beds, just barely shown at the surface. The spot 
marked by a group of “ Tchutri” or Umbrella Babul trees, (Acacia 
lanifrons), said to be peculiar to Porbandar. 

Ranawaéo Station was reached after a drive of about an hour-and-a- 
half at 10-30 a.m., and the sunlight being favourable, a walk was taken 
for about } mile ENE. along the Railway-line, and a couple of excellent 
photographs were taken of the cutting on the N. side of the line, to show 
‘the characteristic spheroidal-shrinkage structure of the hypabyssal 
fivke-rock, there artificially exposed, at 11-30 a.m. 

On return to Ranawdo Station, in time for the train from Porbandar, 
the Chief Engineer and party were met and accompanied on the Quarry- 
Siding trolly to the heights of Adatidna, stopping, by the way, to visit 
the cave,—‘ Jambuvanti Bhoira.” <A cursory examination of some 
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of the granophyric rocks adjoining the Railway Siding was made, but 
adjourned, as the time at the disposal of the Chief Engineer did not 
permit further investigation. 

Notes to indicate exact sites suitable for quarryimg typical grano- 
phyres adapted for road-making operations were provided, with im- 
structions to the Clerk of the Geological Survey, to accompany the 
Hayjt Esmart to the Adatidna Heights and to bring back samples of 

_ stone for comparison with those previously registered. This was done 
on the 7th instant, and the samples brought back were found to cor- 
respond with those in the registered collection. 


On the 8th instant, an excursion was made under the guidance of 

Mr. JAIKRISHNA InDRAJI (the talented author of a comprehensive 

work, in Guzerati, on the ‘ Flora of Barda Mountain"), to the Dwar- 

kadish Gardens, in the Bokhira Village limits, about one mile nearly 

due N. of Porbandar City, with the two-fold object of taking botanical 

specimens and making notes on the geological structures exposed by a 

recently sunk large well-shaft on the immediate N. side of the gardens. 

“2 In the well-cultivated garden-grounds, Mr. JAIKRISHNA drew attention 

| to a finely developed tree in full fruit, which is said to be the only one 

of its kind in Kdthidwadr, and the plant was identified by the Curator 

of the Herbarium, (C. C. Carper, Esg., M.A.), at the Royal Botanic 
Garden, Sibpur, Calcutta, as a fine specimen of Diospyros discolor. 

During subsequent conversations with Mk, JAIKRISHNA on the 
geological influence of plants in their direct bearing upon conserving, 
improving and reclaiming land, it occurred to the writer, that much 
valuable work, affiliated to the geological survey of the State, might 
be done with the co-operation of Mr. JAIKRISHNA, in supplementing the 
collection of economic stones with specimens and informatory notes 
on the flora of the country-side. 

Mr. JAIKRISHNA next led the way to the site of the recently sunk 
large oblong well-shaft on the N. outskirts of the Dwarkadish Gardens, 
which proved to be exceptionally interesting as throwing additional 
light on the geological structure of the superficial sedimentary deposits 
of Porbandar. It was found on this, and on a second visit to the site on 
the 15th instant, that the well-shaft, now holding about 10 feet of clear 
and passably potable water, had been sunk toa total depth of 26 feet 
from the rocky surface;—the land, at this part, being also about 26 feet 
above the level of the sea. The upper portion of the shaft had unfor- 
tunately been obscured by a lining of stone, but it was found that the 
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Near tane: practically soilless,was composed of deep beds of russet-coloured, 
indurated and somewhat honeycombed limestone. At a depth of 
about 14 to 16 feet, a band of from 2 to 3 feet in thickness of compact, 
yellow, limonitic-limestone could clearly be discerned ; while below that 
were observed, beds of rubbly conglomerate, which probably extend 
down to the bottom of the well. From the heaps of excavated débris, 
it was easy to select samples of the compact yellow stone, which was 
identified as a Miocene fluvio-marine deposit essentially similar to the 
variety of Gaj limonitic-limestone, named “ Pinddralite "; while the 
upper strata of the underlying rubbly conglomerate, was found to be 
rich in characteristic Miocene fossil remains. 

To unravel the true nature of the beds, (intervening between the 
surface limestone and the Gaj limestones and conglomerates), hidden 
by the well-shaft lining, the country-side was searched for other artificial 
or natural exposures ; and, fortunately, on the 15th inst., a particularly 
well-defined scarp was found flanking the north side of a fosse at the 

north end of the Victoria Jubilee Bridge, Porbandar, or only about 
350 yards to the south of the new well-shaft. This exposure showed 
about 1 to 2 feet of honeycombed miliolite, overlying from 4 to 5 feet 
of compact beds of Consolidated Shell-Sand referable tothe Dwarka 
er Post-Pliocene Beds: while the base of the cliflet was constituted 
bya limy conglomerate full of fragments of Gaj limonitic-lime- 
stone. 


DIGEST OF DIARY. 


October, 1915. 


Lu the month of September, which was passed at head- 
quarters, sundry local samples were added to the collection of 
geological specimens, as follows :— 


89-15 | 102 Deep-Evddy. Sandy and In-j|About 1} m. omy duc N. of 
| durated Limestone. Geol. Surv. Bungalow. Surface 
of peste 








1A few feet below 102, from new 
| Mani just by Bokhira 






Fossiliforous Conglomerate =. .| Underlying 103. 


























19-15 8. side of Fosse. Surface of 3 fit, 

‘ scarp-cutting, at N. end of tho 
ih Victoria Jubilee Bridge, Por- 
a bandar. 

| 15-0-15 | Dennded Top of Honeycombed|N. side oi Fosse. Top of 6 ft. 

Miliolite,—1 to 2 ft. thick. scarp, Same jocality as 105. 
/ = 15-015 | 107 [Indurated — Shelly-Limestone, [Immediately underlying 106. 

| : Probably Dwarka-Beds Group. 
rr 15-015 Indurated Shelly-Limestone with\4 to 5 ft. of Beds underlying 107. 


Ereeciated Gij Fragments. 



























r . The deep-ruddy limestone, No. 102, is only superficially developed 
-_and prone to be much too cancellated at places and to vary considerably 
even within restricted areas. Fairly large blocks of the material may 
_*- however be secured and turned to good account by being carved into 
ornamental articles such as vases, clock-cases, etc.; but a constant supply 
. cannot be depended upon. 
Underlying this limestone, there is a considerable depth of rubbly 
conglomerate, with concretionary nodules, and the remnants of con- 
kg solidated shell-sands of the Dwarka group of beds, which latter are 
oa better developed and exposed by the scarped cutting at the N. end of 
ia the Victoria Jubilee Bridge, Nos. 107 and 108. These stones, the coun- 
’ terparts of which reappear along the coast-line from the custom-house 
to beyond the Palace at Porbandar, are very much harder and more 
durable than the overlying miliolite, and capable of yielding valuable 
. building blocks and sounder wastage for road-metalling than the rubbly- 
| *  jimestone now being used, At the sites indicated, however, the ground 
is not only unsuitable for being quarried, by reason of its low-lying and 
ee practically undrainable position; but is not available on account of 
ves being wanted for building and other purposes. Nevertheless, it is 
hy, more than probable that other more favourably situated sites for the 
extraction of this excellent building stone may yet be brought to light. 
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Deeper down,— below the Dwarka beds of consolidated shell-sand,— 
No. 103, demonstrates the presence of a bed of from one to three feet 
thick of a finely-textured, yellow limonitic-limestone of the Gaj, or 
Miocene deposits ;—called by the writer “ Pinddralite,” from having 
first been found typically present at the village of Pinddra in Navanagar 
State. Here also, the site is not suitable for being quarried; but, from 
the reliable records of FEDDEN, it is anticipated that workable outcrops 
of the stone may yet be found in the State to yield a profitable supply 
of both useful and ornamental material. 


Camp-Station V.—Ranawao. 


SW. Outskirts of the Town. 


A cms for a second traverse of the State, to cover the 
country-side to the N. of a base-line from Porbandar City to 
Ranawdo Town and to the W. of the Barda group of hills, having been 
satisfactorily concluded, the Director drove from headquarters at 9-45 
a.m., across the Victoria Jubilee Bridge, vd Kolikhara on the main-road. 
and thence by the turning of a cart-track in a north-easterly direc- 
tion over an exceedingly level plain, past the new hamlet of Nawagam, 
and thereafter by sundry slight turnings over rubbly limestone ito a 
by-path leading to the south side of Randwdo Railway-Station. The 
camping ground formerly occupied was reached at 12-45 p.m., but al- 
though the tents had been despatched on the previous day, only the pole 
of the ch4let-tent had been pitched, as the tentman could not, during 
the absence of the Mamlatdar, get enough assistance. It was therefore 
late in the evening before the tent furniture could be arranged; and 
work, consequently, had to be postponed to the following morning. 

During the journey, opportunity was taken of the. bright sunlight 
to secure a distant, bird’s-eye panorama of the Barda Hills from NW. 
to SE., to show the limestone limit of the extensive quarry-sites on the 
Adatidna heights. 

Previous arrangements having been made with the Quarries-Clerk 
to'accompany the Director and party to the quarry sites, and also to 
peint out to the Haji EsmarL, exactly where he should peg out his 
Prospector’s-Claims, a couple of coolies provided with sledge-hammers 
and collecting gunny-bags, were sent on beforehand, and met the pro- 
specting party, at Randwao Station at 9 a.m. on I1-10-I5. 


—, 
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es Smart walking, ENE. along the Railway-line for about a mile, 


---—s and then turning nearly at right angles northward over rough miliolite 
“— under foot, through jungle-scrub, past the limestone limit, and onward 
sand upward over débris and big boulders,—altogether an ascent of fully 
ti half-a-mile,— brought the party to the brow of the highest summit of 
ay: the nether hill, named Bhatwari Dhdr, some 260 feet above the sea 
Wwe level. The huge spheroidal boulders hereabouts are blazed with white, 
as a sort of temporary landmark ; and here an enormous quantity of 
deep blue-black boulders, stretching on either side for many hundreds 
of yards, and exhibiting, when tested at intervals, a wonderful unifor- 
~ mity in colour and texture, were indicated and pegged out, for a quarry- 
site of No. 98 on the Registered List, provisionally named'a Dark Blue- 

black Basaltoid Rock, in large spheroidal boulders, fresh, and very 

thinly (weathered) covered by a pellicle of bright-red hematitic matter ; 


7. but apt to fracture sub-rectangularly, when smartly struck, in unex- 
y , pected directions. This stone, which is incomparably superior to even 
= the hardest and toughest limestone, admits of being readily broken 
a with ordinary native hammers into polyhedral shingle of any desired 
- gauge, and ought therefore to be welcomed by road-makers who are 
am not provided with modern stone-breaking machines. A direct cart 


road from the Rdndwdo Station East-Siding could be inexpensively 
constructed to several favourable sites for Quarry-backs on the hill- 
slopes, and work could thus be carried on continuously, irrespective of 
the monsoons, as there is ample opportunity for a very perfect, control- 
lable system of natural drainage. 

At the summit of Bhatwari Dhar, while approaching the base of 
Bhatwari Dungar in a northerly direction, the powerful direct reaction 
of the sun, alternating with monsoon conditions, have jointly served to 
partially laterise the surface stone to varying depths ; so that parts ol 
the ground-mass of the rock are rendered ruddy, while other portions 
‘are changed to a slaty hue, serving thereby to endow the texture with 
a pleasing ornamental appearance, which would doubtless be enhanced 
by polishing. This sunbaked variety of the Bhatwari Dhdr stone, 
‘No. 109, becomes clearly apparent at about 200 yards or so from the 
south brow of the hill and prevails for a considerable distance towards 
the base of Bhatwari Dungar. 





Sy On descending the southern slope of Bhatwari Dhar towardsRandwao 
= ae Station, a subsidiary dyke of hypabyssal basaltoid rock was detected, — 
=a" showing a transverse vertical-cleavage of the mass, into small slabs 
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of one to two inches thick, and samples were secur‘ed as likely to prove 
of scientific interest. The dyke was noted to rum from N. by NNE., 
.to 5. by SSW., on the west side adjoining a small tnill-side runnel. 

It was 12-45 p.m. before the quarries-clerk ancl trolly could be got 
ready for proceeding to the granophyre quarry-sitees on the heights of 
Adatiina, On reaching the commencement of tle miliolite series of 
quarries, the line was found to be blocked by loadecl wagons, and further 
progress had to be made on foot, to cover several miles of very rough 
ground, during which suitable sites were pegged-o-ut for the extraction 
of No. 33, specified as the Khoria Dhar site for me-dium-textured, tough 
prey granophyre for Karachi Municipality samples. 

Although not called for by Karachi, other higth-grade stones in this 

' region were re-inspected, and quarry sites indicated for future operations 
to the Hayy1 Esmait for inclusion on his prospectimg license, as follows:- 
No, 38, a fine to medium-textured, very tough, rueldy-grey granophyre, 
pegged out as the Mor Chupra Dhar site ; No, 39,. a medtum to coarse, 
pink and black-grey granitoid granophyre, of highl-y omamental appear- 
ance, adjoining the miliolite quarry No. 158, ne-ar the railway-siding 
line ; and No, 112, a medium-textured, ornamental pink and dark-grey 
granophyre, forming a good “ back" at the base wf part of Mor Chupra 
Dhar, 100 yards or so by a tortuous cart-track from the Miliolite-Quarries 
Nos. 109, 110 on the Railway-Siding. Good samples of all of these stones 
were taken to either replenish or supplement the stock and collections 
at headquarters, and a return to camp was made at 6 p.m. 

On the following day, 12th October, 1915, a thounderstorm and very 
heavy shower of rain ensued and confinement to camp was utilised by 
packing, trimming and registering the fairly large collection of samples 
that had been made. 

On Wednesday, 13th October, an exceedingly heavy day's work 
was accomplished. Starting in the gharry accommpanied by one cart 
at 7-30 a.m., the road from Ranawio, towards Bordi was taken, and the 
vehicles being left on the cart-track, the journey was followed on foot 
to the site of sample No. 47, provisionally specified as a light blue-grey 
doleritoid rock, situated about 2} miles NE, of Rim 4wio Town and about 
one mile S. of the Railway-line. A couple of outcropping sub-oval 
mounds of this stone were pegged out for the Hajj EsmMatL, and a tramp 
north-eastward to the Railway-line, brought the prospecting party to 
the spur from Jerickhia Dungar, which crosses the Railway and then 
vanishes to outcrop again about 150 yards 5. of the line, estimated to lie 
some 3 miles ENE. of Rindwdo Station. Another quarry-site was 








pegged out here as the locale of No. 55, registered as an exceedingly 
tough pale blue-grey granophyre, sunbaked to ruddiness in patches. 
This outlying portion of the spur of Jerickhia Dungar is continued as a 
series of mounds affording good quarrying sites all along in a south- 
eastwardly direction, where as No. 57, it assumes a somewhat finer 
texture and affords abundance of sound, fresh, high-grade material 
for dock work and road-metal. 

The gharry and cart which had proceeded along the rough cart- 
track en route for Botdi, were joined by the party on foot, with specimens, 
at the NW. corer of the Naliidhdr State-Jungle Reserve, where the . 
roadside is flanked by a long NW. to SE. spur from the “ everlasting 
hills.” This was pointed out as an admirable quarry-site or series of 
sites, for securing enormous supplies of strong and durable sound building 
stone and high-grade road-metal;—registered, under No. 62, as a grey, 
brown, light-coloured, medium-textured granophyre. 

Proceeding by cart-road through the hill-pass which emerges near 
the base of Piara Dungar, called Javantara Gard, along which the Rail- 
way passes eastward, a halt was called for the purpose of securing, if 
possible, better samples of the ornamental felsite, No. 65, (mottled pale 
blue-grey and ruddy brown-grey) for the State Collection. 

Finally, a rapid run was taken to the village of Bordi and from 
thence, by the south-eastern cart-track for a trifle over a mile to the 
base of the isolated outlying hill called Cocachia Dhar, where a quarry- 
site was pegged out for the extraction of No. 79;—registered as a fresh- 
grey, fine-textured microgranitoid granophyre, which forms a large, 
freely-jointed exposed dyke, flanking the sides towards the base of the 
west spur of the hill. | 

In searching for a suitable spot for initial operations, it was found 
that this hypabyssal dyke appeared to have been invaded on its northern 
side by another dyke of a different character and probably of subsequent 
formation. This stone, which does not seem to be present im sufficient 
quantity to justify the opening of an independent quarry, has been 
registered as No. 113, under the provisional name of Black Basaltoid 
Dyke-Rock. The exposed surface of the dyke is closely and subrectan- 
gularly jointed into oblong blocks varying in dimensions from a few 
inches up to about a foot or so ;—cubic. yeny | 

On Saturday, 16th October, a few specimens of slag from former 
iron-smeltings at Randwdo having been brought into camp, with the 
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= information that iron-ore had been excavated locally, a special journey 
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was made, to.cover the hitherto unvisited ground south of the town. 
Following the cart-road from the SE. end of the town, more or less adjoin- 
ing the course of the local stream, called the Dhabukli Nuddy, a slightly 
elevated patch of deep-red ground, of about 500 vards or so in diameter 
was reached, 1} miles 5. by SSW. of Rinawao, where a few pits had 
recently been dug by some curious person, at the site of the long-since 
abandoned “ iron-mines.”” The rock was found to consist of typical 
laterite, fairly rich in iron-ore. Other minor patches left no room for 
doubt, that the site represents the remains of a denuded cap of a lateritic 
ridge, coextensive with other outcrops at Badkharla and beyond. 

| Slightly eastward, at about the same parallel, there is an ovate 
hillock, some 3 furlongs in major axis, called Chorkhada Dhar, whence 
small supplies of tolerably good building-blocks of miliolite are being 
extracted, which throws an interesting side-light on the geological history 
of the country-side. The denuded miliolite is found to pass gradually 
into a miliolite-conglomerate, full of both angular and rounded fragments 
of laterite, and evidently also of Gaj limonitic-limestone. From this 
it may be inferred that the sea of the Miocene Period must have encroa- 
ched upon the land, quite up to the base of the Bardas in this part of the 
Province. 


Laterisation of the bedded-lavas must also have been fairly exten- 
sive throughout the neighbourhood of Raéndwdo ; for, upon an examin- 
ation of the scarped beds of miliolite and their underlying deeply-laid 
conglomerates which are exposed by the erosion of the Dhabukli Nuddy, 
from near Chorkhada Dhar right up to within a stone’s throw of the 

town of Randwio, characteristic large fragments of altered laterite 
and laterite-pebbles are met with in abundance, as shown by the typical 
pesnens, registered as. Nos. 116 and 117, on the subjoined list. 


100 |Roddy-Grey Sunbaked Tneipiont Same dyke as 98, but about 200 


Granophyre. to 500 yds. along summit of 
oe Dhir from 8. brow of 


11-10-15 | 110 (Cleaved Rock. Subsidiary Dyke|Near gorge on 8. slope Phatwari 
pinit§ N. by NNE. ‘a: 5. b Dhar, near Riniwio Station 
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nt” 11-10-15 | 111 |Ruddy-grey Granophyro, Sun-|Bhatwari Dhar Summit, 400 yds, 
ll Sabet Ssoed, Trechum tex.) XN. of &. brow of hill. 
tured 


IRuddy-grey Granophyre. Medi-\Base of Mor Chupra Dhar, 100 yds. 
um to coarse. Good quarry) roundabout track from Quar- 
site by side of rough cart-track.| ries 109, 110, Aditidna Heights. 


Black Dyke-rock. Adjoining N. 
| of No. 79. | 
\Laterite. Formerly dug from this)S 


slightly elevated patch for iron 
ameltings. — : 


11-10-15 | 112 


Spur of Cocachia Dhir near 


13-10-15 | 113 







16-10-15 | 114 rface of ground slightly W. of 
Chorkhada Dhar, and i} m. 8 


by SSW. of Ruindwio Town. 


a, { - 16-10-15 | 116 |Miliolite-Conglomerate, with GajiUnderlying and partially inter. 
Nor | and Laterite pebbles, etc. | calated with 115. 

‘ete 16-10-15 | 117 {Miliolite-Conglomerate, with large|E. scarp of Dhabukli Nuddy, § 
ae | Laterite pebbles, ote. to ¢ m. due 8. of Rindwio, 


2 


> ie 


“~ , 


Pr Tents were pitched by the side of a solitary clump of four 

ae trees (Prosopis spicigera) in the middle of a field of fertile arable ground 
40 -, adjoining the east end of the village, and within easy distance W. of 
ia a well-shaft with plenty of fairly good potable water. 


16-10-15 | 





QBs WERE STRUCK at 8 a.m. on, 22nd October, 1915; and, 
leaving Ranawdo in carts, at 9-I4 a.m., arrived at Bakharla at 
so that the Camp could not be arranged for work till 4 p.m. 
* Khijdo ” 


I p.m., 


over the Railway 
traversed, over old ground, on the way to 
favourable, stoppages were 


115 


- Sq]. 


upon Gaj(?) beds. 


why abouts, aggregate about 500 to 
grade, lying 






quarry for local 


Camp-Station VI—Bakharla. 


Field, Adjoining E. end of Village. 


views, with the Kodak, of the Barda 





made, by the 


Khan, 





Randwao, the direct road in a north-westerly direction 
level-crossing, to the W. of Randwdo Station, was 
Adatidna. The light being 
wayside, to secure distant 
Hills, to indicate the position and 


me, 1m. & 
by SSE. of Randwiio. | 
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limestone-limit of the extensive series of quarries on the Adatidna 
‘Heights. 

From Adatidna village, resting upon a rough but comparatively 
shallow substratum of miliclite overlying a deep layer of earthy, ultra- 
calcareous, partially concretionary conglomerate, often more than 30 
feet thick, at places, the high-road to Porbandar, now being repaired, 
was followed, SW., for half-a-mile, to where it is crossed by the north- 
westerly cart-track to Bakharla. The ground surrounding this track, 
is fairly fertile when cultivated ; but is apt to be covered, at parts, by 
from one to three feet of more or less solid limestone, and to be covered 
in its turn by rich detrital soil derived from both the miliolite and the 
weathered felsitic material from the Barda slopes. 

_ Crops appear to thrive all the way along, wherever they have been 

_ tried, until well beyond the south-western limits of the small village 
of Boricha ; but, upon approaching Bakharla on the NW., the land, for 
an area of about half-a-square-mile, becomes unaccountably barren :— 
not even a termite’s mound can be discerned hereabouts. Indeed, the 
sterile patch is sharply indicated by the sagacious “ white-ants,"’ who 
build their wonderful pyramids, just immediately beyond the bounds 
of the forbidden ground, A well-shaft in the latter yields mawkish, 
brackish water, and all attempts to grow anything beside its weakly 
weeds and sedges, have signally failed. It is probable that the place 
represents the remains of a saliferous tarn of sub-recent date. 

Upon cursory examination it was found that the south side of the 
village of Bakharla rests upon partially exposed beds of coarsely tex- 
tured, indurated, consolidated shell-sand of the Dwarka group of beds 

_ which, towards the north end of the village, overlap the denuded surface 
of laterite ;—probably of Eocene age, Eastward, the shell-sand full of 
laterite fragments and pebbles, thins down, and is in its turn covered, 
by deposits of miliolite-conglomerate, crowded with shell-sand and 
laterite fragments. The miliolite deposits grow thicker and purer in 
progressing east, until they reach their maximum in the cradle of the 
-__ Barda hills at the base of Dharfaria Dungar, in the area of the Adatidna 
____ State-Jungle Reserve, which lies to the NNW. of the northern termin- 
_ation of the Railway-siding to the great miliolite quarries of the Adatidna 
Heights. 

Underlying these enormous deposits of miliolite, there are varying 

thicknesses of miliolite-conglomerate, the clastic constituents of which 
' are naturally characterised by a dominance of either fragmentary or 
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| rounded stones derived directly from the underlying and adjoining Bas, 
=. formations. For example, at the east end of Békharla, about 500 to ea 
y.’ 1,000 yards from the village, the deep deposits of miliolite with appre- ere. 
x ciable thicknesses of underlying conglomerate which obtain at the = 
~. immediate base of Dharfaria Dungar, about 3} to 4 miles away, dwindles = 
ea away to a mere crust of superficial stone, which, however, is underlaid ais 


t ! by a very thick deposit of conglomerate, often more than 30 feet, in 





Sr several of the local well-shafts. 

Ms This conglomerate consists in its upper parts, principally of a limy a 

‘= earth, holding large and small fragments of former miliolites ; decayed ie os ae 
s blocks of felsitic matter, granophyres and so forth ; with sundry rubbly ‘ie K , 
. stones of concretionary origin ; while at its lower depths, there is an a i 
increasing proportion of chunks of hard miliolite-conglomerate crowded oe 
ay. with either laterite-pebbles, shell-sands, and Gaj limonitic-limestone fart 
~ particles or mixtures thereof, age 
“] As already noted, the conglomerate, in its turn, tails down, on a 
ws approaching Bakharla, to overlap the consolidated shell-sand of the 
7 Dwwarka group at the south and the laterite on the north side of the vil- i ? 
\ “ lage. An abundant supply of somewhat “ hard" yet potable water is a 
| < therefore obtained from well-shafts east of Bakharla at depths of from Bey: 
Be 20 to 30 feet. | a 
One On Sunday, 24th October, a drive was taken to the village of Boricha, " -s 
as a distance of about two miles, over level land, partially cultivated and RE 
2 occasionally barren or under grass. The gharry was sent on to the et 
ots abandoned village-site of Alaswina, two miles farther north, and the ae 
ar prospecting party proceeded on foot, by a little-used cart-track to the [Rs 
ses base of the hills, keeping ENE. along the banks of a mountain stream, ss 
“ which ends at Boricha, called the Sij Jhir, which drains the slopes of are 
ie the nether hill, Dhordi Dhdr and the steep sides of Dhdrfaria Dungar aS 
hs - above, to water the jungle-lands of the Adatidna State Reserve below. Pie 
<i The gorge of the Sij Jhar at this part branches, and cuts deeply into Po 

se considerable deposits of tolerably good miliolite ; while the low-lying . 


lands support plentiful growths of the Tanner’s Cassia, (Cassia auriculata), 


_——*-~—s anda small variety of the Gum-arabie Tree (Acacia senegal). 
SN | After traversing the low-lying jungle supported by the underlying 
“t miliolite deposits, a short stretch of clear land strewed with boulders | it 
ry * of granophyre detached from the crags above, leads to the slope of a eee 
we, / long ridge-like nether hill, called Dhordi Dhar, which stretches for about ee. | 
7} “ - 3 furlongs from SE. by SSE. to NW. by NNW., to terminate at the = 
Ny 
3 
74 
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northern branch of the runnel, or 5ij priate Here, there is an 
excellent site for a very large quarry of the well-prese 

fresh stone, capable of being easily extracted: in uniform ‘qoaity and 
practically unlimited quantity, registered under the provisional name 
of a Pale Blue-grey Doleritoid Rock, as No. 120. 


At the NNW. termination of Dhordi Dhar, a spur from the higher 
hills juts boldly downward to flank the northern gorge of the Sij Jhdr, 
and also offers a good site for a quarry capable of yielding id 
quantities of large blocks of a particularly fresh and exceedingly tough 
and strong Light-grey Granophyre, of from fine to medium texture 
which has been registered as No. 121 on the State Collection of Geological 
Specimens. 

Descending to the level of the Jungle Reserve below Sij Dhar, as 
the abovenoted spur of granophyre is named, a well-worn and fairly 
broad cart-track is encountered, which is stated to run past the south 
of Boricha and thence into the high-road from Adatidna to Porbandar, 
a distance of nearly ten miles from these new quarry sites to the City 
Bandar, The cart-road at its Sij Dhar end continues in excellent con- 
dition, until it reaches a picturesque part, nearly a mile farther north, 
to gradually narrow down into a foot-path which leads upward by the 
side of a chasm called Bhil Jhdr, and over the hills, to the shepherd's 
retreat in the valley below, known as Sathvirda Nes. 

Bhil Jhar when viewed from the SSW. presents the centre of a 
converging series of mountain spurs, each of which doubtless represents _ 
the unveiled surface of an independent hypabyssal dyke. Its declivities, 
however, are too remote and inaccessible at the present moment to offer 
any inducement for the exploitation of an abundant and varied series 
of high-grade granophyres and felsites, here practically brought together 
as to a focus. These hill-spurs are most commonly buttressed below 
by nether hills, which offer special facilities for being quarried, and are 
therefore worthy of being carefully noted. 

Samples were taken from only one of these nether hills, on this 
occasion ; namely, from the west slope of the hill on the south side of 
Bhil Jhar, which shall therefore be registered in this place as Bhil Dhar. 
The stone has been provisionally listed as a Pale Russet-grey Felsite, 
. No. 122; and, although splintery, is phenomenally hard. 

From Bhil Jhar, the prospecting party, with a couple of coolies 
carrying specimens, proceeded on foot, under the burning sun, to the 
‘site of a desiccated depression, } mile westward, called Doli Talay and 










from thence, past the ruins of Vinjal Kot to the north, and finally, 
for over two miles in a westward direction over an arid limestone plain, 
to meet the welcome gharry at the site of old Alaswana. The drive 
back to camp was taken NW. by NNW. for 1} miles to Katwana, } mile 
NW. to’ Vinjhrana, and then 3} miles nearly due 5. to-Bakharla. The 
whole of the country-side during the latter part of this traverse, was 
over land obscured by more or less miliolite-limestone, frequently fertile, 
well-watered and equally well cultivated. Approaching Bakharla an 
outcrop of laterite was noted by the roadside at the north of the village. 
The following is a list of specimens added to the State Geological 


Collection :— 
Date. | tered Provisional Name. Pelcts dca wees 
No. 










24-10-15 | 118 |Detrital, Felsito-Miliolitic Soil of|} mile due E. of Bakharla, 


n 
24-10-15 | 119 |Miliolitic-Limestone. Good 2 
2-10-15 | 120 [Pale Bloc-grey Doleritoid Rock. Dhordi Dhir, 4} miles ENE. of 

Long Nether Hill. Good quar Bakharla. 
Site 


Light-grey Granophyre, Fine sii Dhir. Hill-spor at N. end of 
textured and very tough. 1D). 


Pale Eussot-grey Felsite. In-|W. slope of Nether Hillon 5. side 
tensely hard, but splintery. es a 44 miles ENE. of 


Roadside, } mile E. of Bakharla 
on way to Boricha. 


lTop cf Sij Jhir, 14 miles NE. by 
ENE. of Boricha. . 


24-10-15 | 121 


2+-10-15 | 122 






25-10-15 | 123 (Stone, [(Felsitic)]? 10 ft. below 
surface. In conglomerate, well-| 


shaft. 
Miliolite-Conglomerate. S8urface|} mile E. of Eikharla and the 
oof fields. Contains fragmenta, surrounding country-side, 
of Laterite, ete. 


26-10-15 | 124 


DIGEST OF DIARY. 
November, 1015. 


[) ==: the current month, meteorological conditions were not 

quite so favourable as might have been anticipated ; for, in spite 
of the cessation of the monsoon, the shortening days were charac- 
terised by shifting breezes, mainly from the north-west and occasion- 
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ally from the east and south-east. The temperature ranged from 67° 
F., to as much as 97° F., in the shade ; and, for the first half of the 
month, little or no work could be attempted in camp after dusk, on 
account of annoyance from nocturnal insects. 

On the 5th instant, the Hayy: Esmatc visited the camp, for the 
purpose of requesting the Director to inspect his quarrying operations at 
Ranawao; to re-locate and peg out quarry-sites for the extraction of 
Nos, 33, 34, 38, 39, 112, 47° and 55; and to indicate the boundaries of 
No. 62, which had previously been recommended as an exceptionally 
tough and strong stone, suitable for dock and harbour construction as 
well as for road-metal, to the Chief Engineer of Karachi Municipality. 


The request was granted ;—first, in order to facilitate the work of 
_ surveying and allotting sites by the State Revenue Commissioner ; and 
secondly to take additional notes likely to be of future use to the Geolo- 
gical Department. Early on the morning of the Sth instant, the Director 
proceeded from Camp Bikharla to Randwio Station, and thence, in 
company with Hajyji Esmarm and his men, by trolly, to the Adatidna 
Heights. : 

It was found that much confusion and disappointment would 
result from indiscriminate quarrying on the Heights adjéining the 
extensive miliolite excavations ; simply because many of the so-called 
nether hills are not in reality spurs of rock from the main massives, but 
merely detached boulders that have accumulated in moraine-like heaps 
at the base of the lofty crags. These erratic blocks of drift-material 
often lie deeply imbedded and high-piled upon the remnants of miliolite 
at the shelving limestone limit ; and, in some cases, present sufficiently 
large quantities of one kind of stone to justify extraction on a limited 
scale; but the time must come, of course, when no further supplies 
can be expected, except by searching for the original massive on the 
slopes or from the crags of the high hills above. As far as possible 
therefore, the quarry-sites were marked for the surveyor, on the slopes 
of actual spurs from the mountain-massive, so as to ensure alarge supply 
of material “ true to sample.” | 

Before quitting the Heights of Adatidna, it was observed that a 
likely quarry-site which had hitherto escaped notice, existed in form of 
a distinct spur from the hill called Gudazali Dungar, which approached 
the Railway Siding. A pathway from the 1§ mile-stone on the line, 
close by miliolite-quarry, No, 4 Platform leads NNE, through a deep 
gully to a favourable site for excavation on the slope of this nether hill, | 
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NARRATIVE REPORT ; xlix 
“which shall here be called Gudazali Dhar; but a cart-track, also leads 


to the same site from some distance farther on the line, so as to avoid 
crossing the gully. The rock here, abundantly outcropping from the 
main mass, in the form of great spheroidal boulders, suitable for blasting, 
consists of a medium-textured, intensely strong and tough grey grano- 
phyre, closely resembling that of Khoria Dhar, No. 33. Samples were 
secured with great difficulty, in the absence of blasting, and duly regis- 
tered as No. 127. 

The day's work was concluded by a long drive from Ranawao Station 
over very rough ground to the sites along and by the sides of the Bordi 
cart-road, where large quarry sites were marked for the surveyor for 
the extraction of material for road-metals from Nos. 47, 55 and 62. 

On the goth instant, a brief reconnaissance was made of the SE. 
neighbourhood of the village of Bakharla, where it was ascertained 
that a wide stretch of countryside is covered by a thin deposit of 
miliolite-base conglomerate of compact texture, ‘containing pebbles and 
grains of limonitic limestone and laterite, overlying a deep deposit of 
rubbly conglomerate of concretionary character, plentifully studded 
with rounded pellets of, apparently, laterite. 

All samples collected in the field were brought to camp to be sorted, 


* trimmed for museum or laboratory work as required, registered, and 


carefully packed for conveyance to head-quarters ; so that by the reth 
instant arrangements were made, for a geological survey of the Barda 
Hill slopes, northward and WNW. from the sites of Doli Talav and 
Vinjal Kot, which had previously been traversed and reported upon. 

At dawn of day on the r2th inst., accompanied by a couple of coolies, 
a drive was taken NE. to the site of the abandoned village of Alaswdna, 
2} miles from Bakharla, and thence over tolerably level land for another 
mile, skirting the southern branch of the hill-stream called Alaswana 
Jhir. The ground hereabouts becomes increasingly rough with thicken- 
ing deposits of miliolite and occluded by jungle-scrub, so that the jour- 
ney for another mile to the base of the hills ESE. towards Vinjal Kit 
had to be continued on foot. Only about 500 yards or so of rough 


ground however, intervenes, to be cleared for cart-tracks ; after which | 


a gentle, open slope leads to the foot of the hills. 
On rounding the point to the N. of the gully by Vinjal Két, known 
locally as Gaikedi Jhar, the southern portion of a large hill-slope which 


. * trends from SSE. to NNW. for } mile, offers a good site for quarrying 


operations on a large scale. This hillis named Dhedhio Dhar, and it 
bounds a fine expanse of grass-land belonging to the Goddhna State- 
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Jungle Reserve. The rock consists of a medium-textured Grey-brown . 
Granophyre, and although much weathered superficially, was found to be 
extremely tough and strong and difficult to break with heavy sledge- 
hammers ; so that, in the event of being required, it should be blasted 
for extraction. Enormous quantities of uniform quality are available ; 
for, upon inspection, the entire hill, for fully } mile, right up to the south 
side of Sdrwani Wao, consists of this useful type of stone. 

S4rwani Wao is a deep stone-lined well, with steps leading down to 

its brink of perennial limpid water. It is situated about 4} miles NE, 
af Bakharla, obscured by jungle-scrub and tall grasses by the side of 
the gully which serves to separate Dhedhio Dhar from the south spur 
of Malak Dhér. The vast massive of Malak Dhar sends out spurs which 
radiate from its summit to the N., E., 5,, and SW: while its NW. moiety 
is flanked by a couple of long sub-parallel ridges. There are two southern 
spurs of considerable magnitude. The one bounding the upper bank 
of the mountain runnel, which subsequently emerges to form the stream 
called Alaswéna Jhdr, affords a capital site for a quarry of large dimen- 
sions, to yield an almost inexhaustible supply of big blocks of particu- 
larly fresh, sound, and practically indestructible stone, provisionally 
registered as a finely textured pale grey-brown granophyric felsite, which 
is intensely hard and tough enough to break with ordinary hammers 
into a sub-rectangular shingle, precisely adapted for use as a high-grade 
road-metal. The stone is, perhaps, slightly too vitreous to be recommen- 
ded for curbs and setts ; but, would unquestionably furnish ideal slabs 
and tiles for floors, landings, steps and other situations that are common- 
ly subjected to severe attrition, but free from heavy crushing stress. 
The pleasing subdued colour of the stone moreover, which is, of course, 
capable of being brilliantly polished, ought to be a strong recommend- 
ation for its utilisation by ornamental masons, for the production of 
monuments, pedestals, columns, and even table-tops, clock-cases and 
the like : for, many of the great spheroidal masses may be secured in a 
practically flawless condition, in boulders often exceeding six feet in 
diameter. 

Proceeding westward along the northern bank of the gully,—Alas- 
wana Jhir, to a spot about 100 yards NW. of Sdrwani Wao, a second 
site for a good-sized quarry is revealed by a bold outcrop of the rook 
which forms the westmost, south-trending spur from Malak Dhar. Here 
also, the stone preserves its pristine freshness, almost unimpaired by 
atmospheric influences. It consists of a very tough and strong pale 
grey-brown granophyre of medium texture, which could be turned to 
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profitable account for large supplies of building-blocks and high-grade 
road-metal. The only drawback to opening quarries at this and the 
immediately foregoing sites, is that it would be somewhat difficult to 
make cart-tracks over the exceedingly rough ground leading from the 
base of the hills to the level land below. Only about one mile of pioneer- 
ing work, however, would be entailed. For the rest, the existing cart- 
roads, vid Alaswdna and Badkharla, 10 miles in all to the Porbandar 
docks, are in tolerably good condition. 

| From the site just mentioned, for about five furlongs in a WNW, 
direction, the slopes of the westmost southern spur of Malak Dhdar are 
approachable by old and now but little used cart-tracks. Huge, very 
rough and greatly weathered boulders, form a deep talus of drift material 
over this ground, which cannot therefore be recommended for quarrying 
operations ; but at a spot 12 miles ESE. of the village of Godhdana the 
extreme end of a SW. spur from Malak Dhir, pierces downward through 
the belt of jungle to the plain, forming a bold ridge, close by an old cart- 
track to Godhdna, where a good quarry could be opened at small cost. 
The rock consists of a coarse-grained brown-grey granophyre, exhibiting 
numerous miarolitic spaces or cavities: but is so intensely tough and 
strong, even when considerably weathered, that only small samples 
could be detached with. heavy sledge hammers. This stone ought to fur- 
nish ideal material for dock-work and harbour construction, where effect 
ual resistance to intense crushing force and impacts is a sine gud non. 

The fiat countryside intervening, from the base of Mdlak Dhar 
to the village of Godhdna is more or less encrusted with deposits of 
coarse miliolite, and at places, with its underlying conglomeratic base, 
which often attains to considerable thicknesses, and lies directly upon 
the hypabyssal rocks of the Barda Hills and their spurs and outliers, or 
upon the older series of bedded-lavas which constitute the bulk of the 
surface lands in the Province of Kathidwér. 

The miliolite deposits, with but sundry isolated exceptions, tail down 
to practically a mere crust on the route from Godhdna, vid Katwana 
to Bakharla. As already observed, on approaching Bakharla from the 
north, the ground grows quite red; so that on the x13th, a special 
examination of the N. end of the village was made. It was found that 
the thin layer of muliolite-base compact conglomerate and its deeper 
beds of rubbly conglomerate with laterite inclusions, which were noted 
on the south side of the village, gradually dwindled down on proceeding 
northward and westward, At about 150 yards N. of Bakharla there 
is a deep stone-lined well-shaft, with its water-level at a depth of about 
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35 feet: Just above the water-level a ledge of black bedded-lava is 
exposed, while the surface surrounding the well, is formed of a thin 
layer of fossiliferous limestone probably of the Dwarka group overlying 
a rubbly conglomerate, which, at places, has entirely lost its original He 
character by being heavily impregnated with the iron from the under- , 
lying laterite and débris of laterite long since denuded away. The red 
ground is thus only apparently lateritic : but there can be no doubt 
that a cap of true laterite, still covers the top of the bedded-lava, 35 
feet or so below, as its metamorphosed, denuded surface. 

Underlying this superficial layer of pseudo-laterite, atmospheric 
agencies have played a curious part in dissolving and redepositing 
the lime of the exposed miliolite and Dwdrka limestone conglomerates 
in form of rough, thin cakes intercalated with marly matter and heavily 
indued with secondary iron-oxides. 

Once upon a time, iron-mines were said to be profitably worked 
in the neighbourhood of Bakharla. Arrangements were therefore 
made on the 15th instant, to visit the sites situated due W. of the 
village. These were found to consist of numerous small pits, each from 
four to six feet in diameter, sunk haphazard to varying depths in the 
laterised soil, but now mostly filled up by the villagers ;—doubtless 
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for fear of accidents to cattle. 
It was found that the surface of the ground commences to grow ” 
distinctly lateritic at about } mile due W. of Bakharla, and that traces nH 
of red earth connected this ground intermittently with the laterite at - 
the north end of the village. The lateritic region practically extends in = 
form of a very low hill about 2 miles long and nearly 4 mile wide at its - 
broadest part, from E. to W. It then spreads northward and mainly ® 
westward, for about } mile, past the resuscitated village of Simani ; and a 
evidently represents the denuded laterised cap of an elongated narrow =f 
nog-backed ridge of bedded-lava, formerly supporting remnants of Dwarka . 
limestones and miliolite conglomerates, both holding abundant pebbles Y 
and fragments of laterite. These conglomerates, heavily impregnated i 
with the ron from the laterite, coupled with the underlying laterite . 
itself, which appears to be rich in separations, by metachemic reactions, a 
of iron-ore of excellent quality, formed the material from which the a 
natives of nearly a century gone by, kept their smeltings actively busy. + 
The high-road leading northward from Porbandar City, vid Degim 

to Bhdrwdra, runs past, slightly to the east of the village of Simani, e; 
and on the side of the highway at this part there is a conspicuous Hindu Ae 
shrine called the Babédeshwar Mandir, About 200 yards or 36 SE” 
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_of the Mandir, a 20 feet deep well-shaft, shows a superficial crust of 
laterite passing downward directly into decayed bedded lava, To the 
W. of this well, in the direction of the village of Sim4ni, a small elevation 
deposited on a base of laterite and bedded-lava, has been partially exca- 
vated > and the exposure shows thin beds of Gaj limonitic limestone 
and conglomerates from which fossil corals were obtained, as well as 
a few shells of Pecten, characteristic of the horizon m which they were 


ne found. 

, From Simani the westward course was taken for about a mile to 
t the parched alluvium at the extreme SE, end of the great Ger or Marsh, 
| which extends in a north-westward direction for nearly six miles. Taking 
{ a NW. course over this pathless waste of stunted grass-ground for } 


mile, now in an arid state, a narrow, low elevation, about } mile in length, 
and trending from SSE. to NNW., was descried, skirting a part of the 
-Ger-proper on its westward aspect, and bounded by a strip of cultivated 
land on its eastern and northern margins, This eminence, called Bhado 
Dhiir, was found to be capped by thin beds of obliquely laminated lime- 
‘stone, exhibiting colours varying from white and buff to brown, deep- 
purple and blackish hues. It consists of a coarse, sandy and gritty 
limestone, which, at its northern end overlies beds of unmistakable 
Gaj limonitic limestone of the Pinddralite type, but too poorly developed 
to be of much commercial value. | 

ae The Ger or brackish waste encroaches partially over the above- 
noted low-lying formations during the monsoon, leaving it thereafter 
in the condition of a barren area, which stretches NW., N. 
and NE. for about a mile in the direction of the stream to the immediate 
S. of the village of Bhirwdra, At its southern boundary, this barren 





7 plain of alluvium is cut off effectually from the main Ger or swampy 
rs land, by a high ridge, (83 feet above the sea-level,)—which runs from 
fe ESE. ta WNW. for about 5 furlongs, and calls for special notice in this 
Baa! place, by reason of its unique development of ornamental limonitic 
is limestone, which shall here be specified as “ Bharwaralite.” The ridge, 


in the form of denuded hillocks on their eastward aspect, forms a level 
plateau at the top, which is nearly 3 furlongs wide at its broadest part, 
2 ve and overlooks the Ger or-Brackish-marsh on ite western side. On the 
level of the marsh the rock appears to be composed of a pale yellow, 
limy conglomerate, soft and somewhat friable, overlaid by thin beds 
of compact limonitic limestone holding angular and rounded fragments 
of laterite, Superposed there comes a series of beds of earthly, limy 
conglomerates, alternating with beds of hard compact limonitic limestone, 
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available in large slabs of from a few inches to over a foot in thickness. — 
These constitute, the newly-named Bhdrwdralite-type, which differs 
from the Pinddralite-type of limonitic limestone, in that it assumes a 
uniform, fresh-looking, deep cinnamon colour, free from black spots or fe" = E 
blemishes of any kind. With careful manipulation a very considerable a. 
ae yield of this desirable ornamental stone might be rescued from this 7 
a original site ; but it would be premature if not impossible to predict 
; ie large and continuous supplies, as it is well-known that these lenticular 
deposits are apt to be local and to vary both in texture and quantity . 
within very limited boundaries, since it is more than probable that 3 
they are of the nature of estuarine or sub-estuarine sediments. ’ 
From the Bharwaralite site, a traverse of just about one mile NE. 
brings one to the ford of the fairly wide river which debouches westward 
at the Ger, and wends its serpentinous way ESE. for 37 miles, to gra- 
a . dually diminish to the dimensions of a stream and turn ENE. for another 
ie 4 miles, to be identified at its source, a5 Alaswana Jhir. This river, 
for want of a loca! name at Bharwéra, shall therefore be called the 
Alaswana Vokala. Its bed at the ford, } mile SW. of Bharwira, now 
almost completely dry, can scarcely fail to attract the attention of the 
most casual observer. It is constituted by beds of bright-yellow limonitic 
limestone, eroded to reveal in relief the remains of closely crowded 
branched corals of a greyish-white hue, and undoubtedly represents 
a richly coralliferous zone, co-extensive with the base of the Bharwaralite 
series of G&j (Miocene) deposits. 

The coral-zone is directly overlaid by a dark-brown very sandy and 
eritty conglomerate, which can be traced to gradually merge into thin 
beds of denuded miliolite, which cap the 10 feet scarp of the Alaswana 
Vokala, and form the superficial foundations of the large village of 
Bharwara. 

From Bharwara the return journey to the camp at Biikharla, was 
taken for a couple of miles ESE. along a tortuous cart-track, more or 
less following the north bank of the Alaswdna Vokala, and, for the most 
part over rough miliolite ground, up to the old site of the deserted village 
of Rangpur. Here the bed of the river, nearly dry, was crossed, and 

. the journey continued SE. along a fairly good cart track leading to the 
north side of Bakharla,—an additional distance of 2} miles. It was ob- 
served that the surface of the ground on approaching Bakharla from the 
NW., gradually lost its milioliticcharacter, and the presence of an aban- | 
doned well-shaft on the roadside, § mile WNW. of the village showed ae 

an outcrop of a narrow dyke of intensely black and exceedingly dense 













basalt, bearing unmistakable evidence of the outcrop of bedded lavas 
of the Deccan-Trap Series. . 

It was therefore resolved, that upon the earliest opportunity, the 
outcropping areas of the local bedded-lavas should be carefully noted, 
and accordingly, on the 17th instant, a traverse of the NW. regions ad- 
joining the village was duly made, It was discovered that practically 
the whole of the land lying in the NW. quadrant for a radius of fully 
one mile from the centre of Bakharla, consists of ‘regur’ soil witha 
: small proportion of caleareous matter ; and that the soil overlies a very 
4 deep layer of subsoil, composed of beds of amygdaloidal and compact 

: lavas liberally intersected by both wide and narrow dykes and veins 
) of dense basalt of contemporaneous origin, i, of the bedded-lava 
ss period (Cretaceous). 






















*\ A series of well-shafts that were examined, were found to show the 
a presence of a dyke of some 20 ieet in width, cutting vertically through 
i the bedded-lavas from ENE. to WSW., and traversing the countryside 
i for more than a mile above-ground at a distance of } mile NW. by 
ty WNW. of Bakharla. The soil, subsoil and partially decayed amyg- 
ra daloidal lava, pierced by the more enduring basalt of the dyke, yielded 
<4 an ample supply of fresh potable water at a depth of about 30 feet, 
ae where it is presumed, the compact layer of the bedded-lava was encoun- 
Be tered. An isolated well-shaft, situated } mile NNW, of Bakharla, showed 
as a thin superficial crust of miliolite, succeeded by decayed and then by 
ae fresh amygdaloidal lava to a depth of 25 feet, when water was reached 
. upon touching the practically impervious compact zone of the lava. 
wh _ The specimens collected and registered during the current month 
a up to the 17th instant are as follows :— 
— Regis- * 
#3 Date. ag | Provisional Name. Locality and Remarks. 
ny 27-10-15 | 125 {Mottled Hock. Same dyke ss/Summit, Bhatwari Dhar, 5 fur- 
A; No. 98. longs NE. by NNE. of Randwio 
a, Station. 
iS S-11-15 | 126 |Mottled Pink and Grey Grano-/Probably fallen boulders from 
. phyre, with nish, waxy,| Crags near Summit, now crowd - 
alteration ucts. ed at foot of MorChupraDungar. 
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| 197 |Grey Granophyre. Medium tox-|Gudazali Dhir; S. spur from 
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tured and very tough andstrong.| Gudazali Dungar, 
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Surface beds, 6 in. to 1 ft., BE. 
side of Bikbarla Village. 


3 to 6 ft. or more,underlying 128. “i fy 
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Westward slope of nether part of 7 
Dhedhia Dhir, about 4 m. NE. 
Bakharla. 











12-11-15 |Grey-brown Granophyre. Medi- 


um-textured. Very "tough even 
weathered. Fine large 
12-11-15 | 


yric|S. slope of 8. apur of Milak [har 
N. side of 132. 
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Grey-brown Granophyre.|100 yds. NW. of Sdrwani Wao, 
Very fresh and tough. Good! 8. spur of Malak Dhir, 
quarry-site. 


Coarse Grey Granophyre.Weather-|On base of } m. long, 5.W. slope 
ed bier: but still v very diffi-) of Malak Dhar. Large site for 
cult ta break with sledge-| series of quarries. 


hammer, 
‘coarse, Bro Granophyre.|Extreme SW. spur of Malak Dhar, 
“tateaesty heed ad cone: Bite 17 miles ESE, of Godhina, 
for pn Quarry near old cart- 
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or: 15-11-15 | 142 |Laterite “‘Iron-mines" Site ../1 m. W. of 





iterite, Brow of rising ground ../2 miles W. 
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Locality and Remarks. 


































Date. 
15-11-15 {Near bottom of 20 ft. shaft of 
well, 200 yds. SE. of Baba- 
deshwar Mandir, 3m. WNW. of 
Rikharla. 
15-11-15 | } ) 
lite-base. 

16-11-15 Fossil Coral from Gaj (Miocene), Small excavated Mound by main 
Limestone-Conglomorate. Par-| roadside, opposite Babadeshwar 
tially overlapping Laterite. Mandir. 

15-11-15 | 147 4 Limonitic-Limestone ‘from/Same site as 146. 

‘onglomerate. 

15-11-15 | 148 (Dark and Light, Purple-brown OverlyingLaterite at SE. end, and 

Limestone, of the DwirkaGroup, Overlappin. Gaj Limestone at 
| NE. end of Bhido Dhir, 1} m. 
SW. by SSW. of Bhirwara. 

15-11-15 | 149 i Limonitic-Limestone Pin- Surface beyond NE. end of 148. 
ddralite type. 1 to 2 it. thick. 14 milea SSW. of Bharwira. 

15-11-15 | 150 |Gaj Limonitic-Limestone. Bhir-|-1} m. SW. of Bharwiira, 83 ft. 
waralite type -—Pale, uniform,, ridge, WNW. to ESE. for 
cinnamon ured stone. nearly } mile alternating «labs 

and conglomerate. 

15-11-15 | 141 |Coralliferous, Gij Limonitic/Bed of Alaswana Vokala,} mile 

\ Limestone. SW. of Bhirwira. 

15-11-15 | 152 ‘Miliolite-base Conglomerate. .. Immediately overlying 151. 

1£-11-15 | 159 {Deep-black Dense Basalt. NarrowAbandoned well-shaft, mile 
dyke through Bedded-lava. WHW. of Bakharia. 

17-11-15 | 154 |Deep-black Dense Basalt. 20 ft./From depth of 30 ft. well, mile 

| wide, outeropping Dyke. NW. by WNW. of Bak , 

17-11-15 | 155 |Amygdaloidal-Lava, exposed at From depth of 25 ft. well, } mile 

surface. : NNW. of Bakharla. 





From the foregoing records it will be gathered that, from Bakharla 
as a centre, the entire countryside, for a radius of over 4 miles to the 
W., NW., NE., E., SE. and S., has been. fully investigated, thereby 
leaving only the SW. and a portion of the N. areas to be traversed. 
It was therefore arranged to cover the ground to the N. of the village 
during the removal of the camp to the hill-side hamlet of Godhana ; so 
that at dawn of day on Sunday, the 2rst instant, tents were struck, and 
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sent by the nearest cart-route to Godhana where they duly arrived at 
midday. It was growing dusk, however, before the camp could be 
pitched and arranged for work, on account of the difficulty expen- 
enced in securing labour, ~ “ag 

Observations during the traverse from Bakharla northward, showed a 
that the whole of the ground between radii NW. and W., is constituted | 
by outcropping, almost horizontally disposed beds of lava, intersected 
freely by dykes and veins of contemporaneous, and occasionally by 
larger dykes of basalt of later, (probably Eocene), origin, for a distance 
of about 14 miles. Westward, the bedded-lavas are capped by laterite, 
while eastward, they are thinly crusted over by deposits of miliolite and 
miliolite-conglomerate, which increase rapidly in thickness to attain 
their-maximum of development, in the cradle of the Barda group of 
hills. 

At a distance of nearly 14 miles NW, by NNW, of Bakharla, the 
crossing of the now somewhat attenuated Alaswdna Vokala, reveals a 
thin shaloid depozit of compact miliolite-base conglomerate resting 
directly upon the denuded and deeply-weathered flows of bedded-lava, 
At other adjacent exposures however, the compact slabs of miliolite 
conglomerate, show several feet of earthy and limy soft conglomerate, 
with large fragments of both miliolite and volcanic rock imbedded therein, 
intervening. 

Pursuing the cart-track, NW. by NNW. and swerving NW. for 
another mile, a new smal) village called Beran, showed exposures of a 
rubbly and concretionary miliolite-base resting upon decayed bedded 
lava ; and, with but slight variations, a similar structure of the super- 
ficial ground appeared to prevail all along the very flat plain for a couple 
of miles nearly due N. to the village of Wachhora. 

At Wachhora itself, the bedded-lava, loses its crust of miliolite 


deposits of miliolite,—around and about—,1is available by localagricul- 
turists, right away eastward for about 1} miles on the route to Khistri. 
A 50 feet deep well-shaft, midway between Wachhora and Khistri, shows 
fully 15 feet of soil and subsoil, above the beds of lava. At Khistri the 
stream which flows westward via Wachhora and Bagwadar to the NE. and 
of the Great Ger, nearly 6 miles away, widens out into a kind of lacustrine 
valley where many Wild Date-Palms (Phenix syivestris), flourish by the 
side of ponds full of water, when all around, even the streams lie dry 
and parched. This expansion from a hill-fed drainage source is called 
the Patario Vokala ; while the eminence on its southern bank on a level 











which shows beneath a scanty soil, about 5 feet of compact coarse milio- 
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with the village is pierced by a well-shaft, at the W. end of the village 


lite, overlying 10 feet of earthy and limy miliolite-conglomerate, which, 
2 its turn rests upon a surface of denuded and somewhat decayed bedded- 
ava. 

Nothing of note remains to be recorded concerning the geological 
structure of the countryside lying to the E. of Khistri, for the } mile 
between the latter and Godhana, save that the miliolite deposits grow 
fitfully deeper at the surface on approaching the higher altitudes which 
culminate in the cradle of the hills scarcely one mile to the E. of Godhana, 
a little beyond which the limestone deposits come to an abrupt 
limit. 

Cn the western outskirts of the village of Godhana, there is a large, 
heavily lined well, down to the water-level of which a flight of stone- 
steps formerly led, but were afterwards cut off from the shaft of the 
well by a very thick wall of masonry, on account of the substructure 
of the ground, which, revealed by the aforesaid stone-steps, cut down 
through the “living-rock" shows the following peculiarities —The 
surface of the ground consists of thick but fissile beds of the miliolite- 
base, capable of being extracted in slabs of large dimensions, but rendered 
coarse in texture by numerous comparatively large grains of clastic ori- 
gin, probably derived from the wearing down of hypabyssal and possibly 
also of volcanic rocks. But, immediately underlying these compact 
beds, there is found to be a very thick deposit of rubbly miliolite of very 
dense texture, and of a ruddy-buff colour, composed of corrugated and 
brick-like or shaloid slabs, loosely held together with earthy and limy 
matter, presumably deposited by percolating carbonated waters from 
above, This unstable stratum, which is exposed by the excavated 
steps to a depth of more than ten feet, naturally gives way when bored 
through, so that the walls of the well-shaft had to be supported by thick 
masonry down to the water-level. The nature of the rock underlying 
the miliolite, cannot, in the absence of reliable samples taken at the 
time of excavation, be specified, until the immediately overlying material 
has been microscopically examined. It can then, of course, be deter- 
mined with certitude, whether the miliolite-base rests upon a volcanic 
or a hypabyssal foundation, by the presence of a predominance of particles 
of bedded-lavas or of the equally characteristic rocks of the felsitic or 
granophyric group 
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Camp-Station VII.—Godhana. 
W’. Outskirts of Village. 


. 5 ies WERE PITCHED under the shade of a Pipal Tree, Ficus 

| Tsiela, im a quiet spot about 200 yards W. of the village of 

Godhdna on the evening of the 21st instant, and the following 

_ day was devoted to taking local observations, overhauling and packing 

specimens and making necessary arrangements for work in the neigh- 
bourhood. 

Godhana village is favourably situated but one mile distant from 
the base of the great westward group of hills centered around Malak 
Dungar and its numerous important spurs and nether hills or ridges, 
which afford suitable sites for the extraction of economic stones in a 
variety of desirable textures and colours, 

The miliolite deposits at the village itself, are denuded practically 
to their very base, as instanced by the well-shafts adjoming and in the 
immediate neighbourhood of the camp; where, upon investigation it 
was found that the limestone, sometimes horizontally and at others 
obliquely laminated, lies directly upon the bedded-lavas of the Deccan- 
Trap Series. On approaching the southern spurs of Mdlak Dungar, 1 
mile ESE. of Godhana, the miliolite increases in thickness and improves 
in quality, being left in relief at intervals to form elongated mounds, 
The stone is of compact and fine texture and of a fresh pale-bufi colour ; 
but is inclined to fracture into slabs of 6 to 8 inches in thickness, rather 
than into blocks suitable for the building of dwelling-houses, Due E. 
of the village, the cradle of the hills becomes deficient, so that the miliolite 
decreases proportionately in thickness all along the flank of the north- 
wardly trending nether ridge, which sends out sundry short westward 
spurs divided by drainage-chasms, which empty their waters towards 
Godhdna, where a high dam has been built to form an arc at the NW. 
of the village, 3 furlongs in length, to serve as a reservoir, now dry, called 
the Hinkdsar Talav, | 

_ Quarrying operations for miliolite, along the whole of the westward 
slopes of the nether N. and S, ridge of Malak Dungar, practically two 
miles, would be but of little avail, except, of course, desultorily for local 
needs, Indeed, upon reaching the limestone-limit, 13 miles NE. of 
Godhdna, the surface of the ground bordering the banks of the emerging 
stream from Sij Jhdr (No. 2), the miliolite base is exposed in the form 
of stone crowded with grains and fragments of hypabyssal rock; but, 
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A upon continuing eastward, along the base of the slopes and spurs from 
aa the northern end of the Malak massive, to the boundary of the State at 
; Vandhra Jhar, the superior terraces of the miliolite are left intact for a 
considerable thickness, amounting roughly to more than 30 feet at 


ar, Vandhra Jhar, and may therefore be registered as a suitable site for 

x ‘ future excavations if desired. 

a : The foregoing observations were recorded during successive journeys 

(4 taken mainly on foot ; and, when available, by riding in gharry and 

“ss bullock-cart, on the 21st, 23rd and 25th instant respectively. 

x It now remains to report in detail, upon the results of those tra- 

of verses with reference to the hitherto unexamined economic products 

~,* of the mountain massive, as follows :— 

rh Returning to the southern spurs of Malak Dungar ESE. by SE. af 

iJ Godhaéna, the disused cart-track one mile from the village and thence 

Si for half-a-mile through the belt of scrub, (Godahna State-Jungle Reserve), 

* was followed to the NW. slope of a small spur, called Gured Dhar, which 

g juts SW. from the main body of the ridge Dhorio Dhubho. Numerous 

large spheroids of severely weathered rock crown the summit of this 

oP eminence, which is approachable by carts at its base, and affords a 
A fairly good site for excavation by blasting. The rock is so intensely 
re hard and tough, that only small fragments of somewhat weathered 
is material could be detached with great difficulty by sledge-ham- 
— mers. 
. On examination, specimens were found to exhibit the extraordinary ; 
a and, in granophyres, unique structure known to petrologists as orbicular, 
ve: which was first discovered in the ball-tiorite or corsite of Corsica, called 
a napoleonite in honour of the Great Emperor, but has since been found 
By to occur in other rocks and notably in certain of the granites éf Sweden 
| and the north-west of Ireland. The rock is of a greyish colour, and, 
*,. to the naked-eye shows tolerably large crystals of white felspar, each mt. 
a eyrrounded by a deep-border of blackish radially-disposed needles of hy 
Mo probably pyroxene ; 50 that the fractured surface calls to mind the ‘#5 
F: ‘ aspect of a sclerodermic fossil coral, and, when polished, would yield 
i? rare ornamental stone of striking individuality, worthy of some special — 
Me, designation, which shall be given, 50 soon as the texture has been resolved — 
ta *r) and its mineral constituents determined under the microscope. i 
sah ee About 100 yards N. of the above-noted site, the slope of Dhorio 
n> Dhubho, shelves down on to the plain below, showing the truncated 
#R ‘ends of its huge columns as a bare face of solid stone, which would in- 
¥ >. stantly yield a superabundance of fresh, sound material if shattered by 
= ‘ 
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Comish Powder, Dynamite, Ripping Ammonite or other powerful ex- 
plosive. This rock has been provisionally registered as a light-grey 
miarolitic granophyre, and is so exceptionally tough and hard as to 
need no recommendation on the score of strength and suitability for 
dock-work and road engineering operations generally, other than that 
which a fair trial would serve to elicit. 

Passing onward and northward along the base of the long nether 

‘ridge of Malak Dungar, observations show a deep gully called the Dude- 
dawali Jhar, 1} miles due E. of Godhdna, which takes origin at the 
heights of a SW. trending spur, the summit of which is marked by up- 
standing columns of rock, locally known as Gabi Pir Dhir. Midway 
on the slope a scar on the hill-side is laid bare by a cascade during the 
rainy-season, which exhibits a typical columnar jointing of the rock. 
Lower down the gully grows deep and wide, and offers an admirable 
site for quarrying; but the intervening space densely overgrown with 
jungle-scrub, and the steep and very rugged nature of the ground before 
the plain with its cart-tracks can be reached, renders it, for the time 
being, almost inaccessible. Nevertheless, in anticipation of future 
developments, it may be recorded that not only does an abundance of 
uniform material obtain, but that the rock is capable of being readily 
extracted in blocks of any desired dimensions for general building pur- 
poses, while the wastage could be profitably utilised as high-grade road 
metal. 

Petrologically, the stone has been registered as a fine-textured, 
strong and hard, trachytoid, light-grey granophyre. While the bulk 
of the material conforms to this specification, it was observed that there 
is a tendency in the mass to run mto segregation veins and patches of 
quite a coarse dioritoid character, in which large and well-formed idio- 
morphic crystals are developed. Samples were accordingly secured 
for laboratory examination. 

_ Another, but north-trending spur from Gabi Pir Dhar, extends, like 

a huge crescentic rampart for nearly half-a-mile forming the summit 
and sides of a steep slope, crowned by columnar and spheroidal semi- 
detached boulders, which, at a favourably sheltered part, are naturally 
arranged to conceal a great hollow space, in which it is rumoured that 
outlaws formerly took temporary refuge. This Oriental replica of the 
famous “ Sleepin’ Stane " in the Cairngorm Hills of “‘ Bonnie Scotland," 
is said to afford ample accommodation for a score or more of persons 
at a time, and the entire formation has consequently been called 
“ Polahpana Bhint,” or Stone-hollow Wall, 
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p i The shelving wall or slope of Polahpana Bhint, runs steeply down 

ot to its base, where many immense boulders from the heights above, lie 

‘ scattered in large and small heaps ; while the solid rock itself admits 

. of being readily mined from the cart-traversed plain of jungle-growths 

ate below. It is thus clear that there is scope hereabouts, only one mile 

3 ENE. of Godhdna for the excavation of many large quarries. The 

ans stone has been registered as a very tongh grey granophyre of medium 

J | + texture, obtainable in practically unlimited quantiti¢s, and suitable 

Sha for all situations where great strength, durability and an attractive 
sa . appearance are desirable. 

Quite a number of small gullies and runnels drain the surface of 

this extensive expanse of rock, which in reality exhibits the ends of a 

closely set series of gigantic columns cut obliquely by denuding agencies. 

The waters of these streams unite to be discharged towards the S$, end 

x of the Hinkssar Talav; but the ridge of rock continuing northward 

| gradually slopes down to horizontality at about 13 miles NE, of Godhana, 

ie to be rounded from the rear by a stream-channel called the Sij Jhir, 


(the second of this name) which runs south-westward into the north 

i. end of the Hinkasar Talav. 
q Tt has already been observed while referring to the local distribution 
\ of the miliolite deposits of this neighbourhood, that only the basement 
>. beds of that series, crowded for the most part with small and large frag- 


— ments of hypabyssal rocks, are in-evidence at the surface of the Sij Jhar 
oe _ where it .emerges upon the plain. After crossing this stream and 


ascending to the heights of the spur immediately above it, the solid rock 
assumes a very rough and much weathered exterior and is proportion- 
ately difficult to break without recourse to blasting. Only weathered 
samples could therefore be secured, and these were registered as a coarse 
miarolitic granophyre of a brown-grey colour. It is highly probable 
that the miarolitic spaces In the rock, with their imcrustations of free 


Zi quartz crystals and greenish and brownish decomposition products, 
r are the results of merely superficial changes, brought about by the decay 
‘ of the felspathic constituents and the redeposition from solution of the , 


secondary silica and ferruginous colouring matter to partially occupy 
the vacant spaces. 

Descending from this eminence, to the lower levels and taking an 
eastward course through dense jungle growths on a deepening miliolitic 
ground, a disused and very rough and rutty cart-track was followed ; 
and, crossing the ravine called Malak Jhar, the NW. slope of the highest 
summit of Malak Dungar, was found to rise steeply to its crown of con- 
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Spicuous columns. To the immediate W. of this lofty summit a second 
high-hill, confusingly called Mor Chupra Dungar, rears its lesser head, 
and it is doubtless due to the difference subsisting between the physical 
bases of these two great elevations, that the great hill-like pile of boulders 
at their joint base, exhibits two distinct kinds of stone. The bulk of 
these gigantic boulders at the base are manifestly derived from the 
cliffs of Malak Dhar, and consist of a completely altered stone of a pale 
dove-colour mottled with patches of green decomposition products — 
the entire texture showing signs of being the highly metamorphosed 
representative of an originally coarse granophyre. The other fallen 
blocks, which apparently, were once im sift, near to the top of Mor Chupra 
Dungar, retain their pristine freshness, as an intensely hard, but brittle 
light-grey felsite which breaks with a typical conchoidal fracture, and, 
when greatly sunbaked, becomes quite dark, almost purple-black without 
losing any of its physical properties. For the present, neither of these 
stones can be profitably utilised, as it is a matter of some difficulty to 
even approach the site on foot. The lower levels, are deeply covered 
with indifferent miliolite, which supports a close growth of stunted 
Gum-Arabic Trees, Acacia Senegal, which at one time were utilised for 
burming into charcoal. i 
Continuing on a eastward course over an ever rising ground of 
deepening deposits of miliolite, for about five furlongs through thick 
jungle growths, towards the boundary of the State marked by the deep 
gully called Vandhra Jhdr, a northwardly trending spur from the high 
ridge of Suli-na-Pani, called Vasaliya Dhar, which slopes down to the 
southern bank of Vandhra Jhdr, was next examined immediately above 
the limestone limit, and found to consist of a very fine and uniformly 
textured, intensely hard and yet tolerably tough stone of a fresh grey 
colour, practically unimpaired by prolonged exposure. Awaiting optical 
analysis in the laboratory, this admirable stone has been registered as 
a grey granophyric felsite, and although at present so remotely if not 
inaccessibly situated, occurs in sufficient abundance to merit special 
mention in this connection ; as it is anticipated that at some future 
time, when the deep deposits of miliolite accumulated in- the gorge of 
Vandhra Jhir are exploited, this excellent stone, which appears to be 
exactly suited to the requirements of monumental masons, will also 
be utilised. 
The bulk of the best miliolite deposits in the cradle of Vandhra 


- Jhir, lies well within the boundaries of Porbandar State, and covers 


a subcircular area of about } mile in diameter. Traversing the ground 
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these deposits which are exposed for a depth of about 30 feet by the 
north scarp of Vandhra Jhir, a westward course was taken for 1% 
miles through Naviinagar territory, towards Nagka, where the boundary 
of Porbandar State was recrossed, by the cart-road leading almost due 
W. for about } mile to the last named village. 

Half-a-mile E. of Nigka, a newly dug well-shaft was examined 
and found to reveal the following succession of rocks :—5 feet of soil 
and whitish miliolite subsoil: 1o feet of rubbly, indurated, russet- 
coloured miliolite ; 5 feet of compact blue-black basalt of the bedded- 
lava series. The water-level stood at 18 feet from the surface, show- 
ing a depth of two feet of water, oozing out of the arrested filtrate at 
the top of the practically impervious zone of compact lava. 

The superficial miliolite was found to gradually thin down towards 
Nagka, where exposures were observed on the shallow scarped banks 
of the stream, called the Orio Vokala at the SE. end of the village. Here 
also, the bed of the stream was found to be crossed by a small dyke from 
ENE. to WSW., of an almost homogeneous fawn-coloured rhyolite, 
yielding both small as well as large blocks, by reason of their sub-rect- 
angular jointings. 

southward from Nigka, the fertile fields for a mile or more are 
liberally strewed with fragments of rhyolite and miliolite, while the soil 
itself, is, for the most part, of the nature of regur or basic voleanic mould 
derived from the substratum of bedded-lava. The limy constituents 


_ of the soil are unquestionably traceable to the varying depths of super- 


ficial deposits of miliolite ; while the acid volcanic rhyolites must be 
regarded in the light of drift material chiefly from intrusive dykes and 
ridges in the immediate neighbourhood. 

At the small village of Bawawio, one mile S, of Nagka which is 
irrigated by the Milak Vokala, and for the remain ing § miles to Godhina, 
nearly due $., the ground becomes increasingly rich in basic volcanic 
soil, from the presence quite near and occasionally at the surface of 
bedded-lavas and their contemporary dykes. 


Specimens added to the geological collection are -— 


Provisional Name. 


Locality and Remarks. 





21-11-15 | 156 | Miliolite-base Compact Conglo-|Scarp of small stream, about 
merate, resting directly on) 1} milesnearlydue S. of Wack- 
decomposed Bedded-lava. hora Village. 
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*)-11-15 | 157 | Coarse Miljolite-Limestone, Sur- laos 200 yds. W. of the village 
face stone of Well-haft. of Godhana 


i 


21-11-15 | 158 
















|Indurated Rubbly — Miliolite.| Same site as 157. a 
15 ft. below surface of ground. . J 
23-11-15 | 159 | Pale-buff Miliolite of good quality|1 mile ESE: of Godhdna and § i: 
| for thick slabs, mile from base of hills. * 
23-11-16 | 160 | Orbiouwlar Granopbyre. Spur runs) 1 amiilo » ond ia from God- 
| : Arconie to car) , ny 
aOrve. 
23-11-15 | 161 | Light-grey  Miarolitic Grano- PSs ipaai at base Dhorio 
phyre. Good site for blasting.| Dhubho. About 100 yas, north 
Approachable by carts. of 160. = 
23-11-15 | 162 | Light grey Trachytoid Grano-) Dodedawali Jhir, from Gabi 
. phyre Fine textured. | Pir eer Ih le due E, of 
Golhina 
23-11-15 | 163 | Coarse Segregation Rock -+| Modification of 162. 
23-11-15 | 164 |Grey Granophyre. Medium tex-| Along base of long Northward 
tured and very tough. Exten-| Spur fromGalhi Pir Dhir, 1 mile 
sive site for quarries. ENE, of Godhina, called Polab- 
25-11-15 | 165 | Miliolite-base Stone, full of local W mlie NE. of Godhdna, border- 
, fragments. Denuded surface. ing W. bank of Sij Jhar. 
25-11-15 | 166 |Coare Miarolitic Granophyre. N. end of Nether-ridge of yy 
: Brown-grey and very tough. A Daas, overlooking 165. 
25-11-15 | 167 |Highly Altered Granophyre| Base of NW. slope of Malak 
Main rock of Morainoi a Tongar. 
25-11-15 |.168 | Dark, Sunbaked Felsite. Drift Slightly W. of 167. 
| from Mor Chupra Dungar. 


25-11 15 | 169 Light ¥ Felsite giving good) Some site as 168, 
oidal fractures, 


25-11-15 ; 170 |Grey Granophyric Felsite. Fine-/Spur from Vasaliyd Dhar, over- 
textured, very hard and tough. woking N. bank of Vandhra 
dh 


25-11-15 | 171 | Miliolite-base Limestone, Russet:| 10 ft. from surface. Well-shalt : 
indurated, with lava fragments. 4 mile due E. of Nagka. | 


25-11-15 | 172 [Compact Basalt of Bedded-lava,| 18 ft. below surface. Immediately 
: | avs _ underlying 171. 











Locality and Remarks. 













awn-coloured Rhbyolite of appa-| Dyke ENE. to WSW. crossing 
rently homogeneous texture. Orio Vokala at SE. end of 
village of Nagka. 


11-15 | 173 


Shortly after break of day, 7-30 a.m., on the 2gth inst., tents were 
struck at Godhina, and despatched by carts along the shortest route 
vid Khistri and Wachhora to the town of Khimbhodar, where they 
arrived at 12-15 p.m., after a journey of 29 hours ; but tents were not 
pitched and arranged until 5 p.m. As most of the ground covered by 
the carts had already been traversed, the route to Khimbhodar, taken 
by the Director, was arranged to pass over entirely new ground, partly 
on foot, as follows :-— 

From Godhina the northward cart-road was followed for about 
§ mile, and a prolonged halt was called for the purpose of examining 
the geological structure of a long, low ridge which was ascertained to run 
approximately $. by SSE. to N. by NNW. from a spot 3 furlongs NE. 
by NNE. of Khistri for a distance of 4} furlongs. The ridge is about 
1 furlong broad at its S. end, but gradually diminishes in width as it 
approaches its N. termination. Observations show that the rock of 
this prominent dyke consists of an apparently uniform-textured, com- 
pact and apparently homogeneous sub-vitreous rock, exhibiting a do- 
minant fawn-colour. The mass is vertically and transversely jointed 
to disintegrate on weathering at the surface, into a sub-rectangular 
small shingle at its sides and into larger blocks,—cometimes 2 to 3 feet 
across,—towards the central portion of the mass. These large blocks 
when broken, show a tendency to spheroidal shrinkage, so that they do 
not possess any pronounced “ rift,” or property whereby large flat sur- 
faces are capable of being readily secured : but break with a conchoidal 
fracture, and frequently become splintery by the unseen joints or lines 
of weakness developed in divers directions, The stone however, is 
easily workable with ordinary hammers, into small building-blocks ; 
while the wastage or rubble of sub-rectangular shingle, would furnish 
ideal clean-keeping material for placement between railroad sleepers ; 
but, although unquestionably superior to rubbly, indurated-mliolite 
or consolidated shell-sand as a road-metal, the material by reason of 
its sub-vitreous nature, cannot of course, be classed by the side of 
even felsite, for macadamising permanent highways. 
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‘ Levit Economic GEoLtocy oF PoRBANDAR STATE. 
> ee Capable of receiving a high polish, the delicate fawn-colour of the 
Bal, 3 stone ought to find favour for its employment on a large scale by manu- 
i) facturers of fancy-tiles, clock-cases and other small ornaments, Upon 
investigation, however, it has been found that the original colour of 
the fresh-stone from the lower depths of the dyke is of a very pleasing 
grey hue ; but that this becomes changed into deeper and lighter fawns, 
shading off into purples and browns and sometimes minutely mottled 
with specks of olive, according to the degree of sun-baking to which the 
stone has been subjected season after season. These changes, doubtless 
due to a ternating monsoon and hot-weather conditions, however, do not 
a appear to have caused any decay or decomposition, except at the very 
Bees ae surface, to the general texture of the material ; which, if anything, is 
/ rendered a trifle harder by the alteration. 
Ns Towards the edges of the intrusive mass, found in contact with the 
bedded-lavas through which it has been forced, the rock acquires a darker 
colour and becomes indurated and glassy and frequently exhibits a 
closely striated or flow structure, which coupled with its lighter colour 
a and other physical properties, serves to place it among the group of 
ey acid volcanic lavas called “rhyolite.” This banded-variety, at and 
| near the zone of contact-metamorphism, outcrops at the extreme sw. 
end of the ridge, 3 furlongs NNW. of Khistrt. 

A small stream skirting the SE. side of the rhyolitic ridge, wends 
its way SW. to Khistri valley, and its dry bed and scarped banks, at 
this time of the year, shows an inch or two of compact miliolite-base 

stone, overlying a foot or so of rubbly miliolite conglomerate full of 
lava-pebbles, overlying the denuded subsoil of the main-body of bedded- 
* lavas below. | } 

Passing north-eastward to the ford across the stream, Malak Vokala, 
at the village of BAawawao, and thence, along the N. bank of the water- 
course, a small, 30 feet wide, dyke of dark fawn-coloured trachytoid 
rhyolite of uniform texture was located, about 300 yards W. by WNW. of 
Baéwawdo taking a direction from ESE. to WNW., and evidently forming 
a branch of the main dyke of rhyolite which outcrops to the NE. of 
Khistri, terminates above-ground 4} furlongs farther north, and re- 

ppears in form of a 100-yards-wide, low ridge, just 4 mile E. of Biwa- 
wio, called Piiria Dhar. : | 

Pirié Dhar itself, runs almost due N. for fully ¢ mile, It is con- 
stituted by a particularly fresh trachytoid rhyolite of compact, uniform 
texture, and a pleasing grey colour tinged with purple—the purple tint 
being manifestly superinduced by sunbaking. Ample sound blocks of 
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2) | brick. Such material has been extensively used for building as well «Dae 
ANS, as for paving in the United States, with entire satisfaction. At the = 
~~~ southern base of Paria Dhdr, a zone of contact metamorphism is exposed, ae 
os where the stone becomes almost purple-black in colour, splintery and ' ie 
eo glassy and frequently finely banded, athe 
ie, Still farther south, the ground is thickly strewed, over a comsider-~ 
ir able area, with weathered-out spheroids of dense blue-black basalt, , ae 7 
_ each bearing numerous very thin shells, concentrically attached, of SR 
| decomposed earthy iron-ore. The nuclei of these spheroids preserve = 
ue their pristine freshness ; while all that remains of the interstitial stone Tom 
which once held the spheroids together in columnar series has vanished eT, 
. into soil, save the thin shells of hard, brittle, oxidised matter. The Ba | 
= spheroids vary in size from about 3 inches or less to G inches and overin 
A diameter ; and, from similar occurrences in other parts of the Province, a 
at dyke of volcanic matter extruded immediately prior to the cessation ee 
rd of eruptions in the Eocene era. Kg 
iP The specimens gathered during the above-noted traverse have 
ee been registered as follows :— a eh 
aed ————_ ——ssOOooo—— — — — SS ss eee ‘<i 
a Ee —. 
| Regis. : r a 

' Date ae Provisional Name. Locality and Remarks. ae ® 
| ; a 

| a s be 

a a 

20-11-15 | 174 | Pale Fawn-Coloured Rhyolite,'8. ond of 8. by, & SSE. to N. >. 

' | with ae of white (felepar ?).| NNW. Rid furlongs NE. by ae 

NNE. of Kistri, he 

A 20-11-15 | 176 | Purplo-fawn Rhyolite with/Altered variety of 174, from the ‘oy wi 

fe mottling specks of olive hue. | same site. | ce . 

i. 99-11-15 | 176 |Indurated Dark-brown Banded|SW. edge of Ridge, 174. Sere 
- | Rbyolite. Contact zone of o eee 

* , Dyke. - . 
b 20-11-15 | 177 |Compact Miliolite-base Stone./Bank-top of small stream, 100 - 

i i Denuded to only a very thin layer.) yards E. of 174, é i 
Pek 29-11-15 | 178 |Rubbly Miliolite-Conglomerate..|Immoediately underlying177. be 
= 29-11-15 | 179 |Dark, Fawn-coloured, Trachy-(300 yards W. by WNW. of nn 
x: | toid Rhyolite of uniform tex-| Bdwawdo. Dyke runs ESE. to ae. 
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DIGEST OF DIARY. 


December, 1915. 






Camp-Station VIII.—Khambhodar. 
SE. Outskirts of the Town. 


aig HAVING BEEN PITCHED on a satisfactory level patch of 
ground, shaded by a large clump of well-grown Pipal-trees , on 

the SE, outskirts of the town, adjoining the northern bank of the 
Paisani Nuddy, a general geological reconnaissance was made on foot 
over the countryside, for a radius of abouta mile from the centre of 
Khimbhodar on the tst instant. 

Tt was found, mainly by observation of the exposures eroded by 
the Paisani Nuddy, now nearly dry, that the fast thinning crust of milio- 
lite noted at Nigka gradually dwindles down westward, to be represented 
on reaching the State-boundary near the old-site of Temri and the new 
village of Nutwarpura,—so called in honour of H. H, the present minor 
_. Awd Saves oF Porsanpar,—by more or less of drift-material, some- 
times deeply imbedded in the thick stratum of bedded-laya soil and 
subsoil. The abundant ‘regur’, seasoned with a fair proportion of 
lime from the miliolite-drift, and perchance a trifle of felsitic earth 
washed down from the Barda Highlands, barely 5 miles to the east, 
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ae cereal agriculturist. 

i: The clerk of the Department, as Camp-manager, having been 
_ _ despatched to headquarters, with work for the mechanic, and to 
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attend to monthly accounts, the work in camp was directed to the trim- 
ming, registration and packing of the numerous specimens secured for 
the State: Geological Collection ; to the compilation of part of the Second 
Quarterly Report, and the colouring of the Geological Chart. A second 
journey to Porbandar was also necessitated through the absence without 
leave, of the peon who was left in charge of the Bungalow. An impor- 
tant excursion was thereafter made on the 7th inst., the results of which 
were recorded as follows :— 

By draining the north-western slopes of Malak Dungar, to emerge 
at the base of the hills as Malak Jhar, and thence westward past Biawa- 
wio as Mailak Vokala to form a confluence with a lesser stream from the 
heights of Vandhra Jhdr, at the village of Rojhra in Navinagar State, 
the Paisani Nuddy thenceforward swerves south-westward to widen 
out into a low-terraced valley immediately to the south of Khambhodar, 
to finally debouch into the Ger or brackish-marsh, about a mile SW. 
of Kindarkhera as a diminished stream. As a very rapid and turbulent 
watercourse during the monsoons, the river has frequently channelled 
its course deeply at many places, thereby revealing scarped exposures 
of 10, 15 and even over 20 feet, which help, in no small measure, to 
disclose the geological structure of the superficial formations for a distance 
from east to west of close upon nine miles. In traversing a course along 
the banks of the Paisani Nuddy from Khambhodar, via Nutwarpura 
and the site of abandoned Temri to Rojhra in Navadnagar State, the 
ground presented a fair and fertile aspect, by reason of its deeply decayed 
superficial bedded-lavas, strewed with miliolite-drift, with signs of but 
a few minor dykes of decomposed basalt, and sundry exposures of the 
dry-bed of the river, showing the surface of the bedded-lavas as either 
rudely columnar or polyhedrally jointed. 

At Rojhra, a familiar outcrop of lithiodal rhyolite with a narrow 
(2 te 3 feet) differentiation of black, glassy obsidian was inspected, 
with a view to instructing the members of the excursion party what 
to look for, while subsequently traversing similar ground a little later 
on. The Rojhra rhyolite unfortunately vanishes underground in an 
eastward direction ; but doubtless forms part of a WNW. diverticulum 
from the rhyolitic ridge noted in last month’s report, as Paria Dhar. 

Continuing from Rojhra ENE. along the cart-road to Ndgka, a 
halt was called $m. SW. by WSW. of the last-named village, in crossing 
over a barren rocky ridge plentifully strewed with large fragments of 
ruddy-brown sub-angular shingle. Bearings were taken, and it was 
found that this ridge, with but a couple of small interruptions, is in 
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direct continuity with, and precisely similar in all essentials, with the 
thyolitic ridge of Parid Dhar. Samples nevertheless were taken, and a 
keen outlook kept for the anticipated outcrop of a band of — obsidian 
45 a few stray pieces of that rock, in appearance like that of lumps of 
coal, had been detected among the shingly débris lying on the ridge. 

A broad offshoot of rhyolite from the practically N. and S. ridge, 
was traced taking a WNW, direction for about three furlongs above- 
ground and to then disappear below ; but the rhyolite was thereafter 
found to reappear a mile and-a-quarter farther along in Navanagar 
State ; this time, however, in the semblance and with all the structural 
characteristics of a sheet or lava-flow. 

While tracking the northward course of the main rhyolitic dyke 
from 4 mile WSW. of Nagka to its apparent termination 500 yards W. 
by WNW. of the village, it was noticed that the Stray fragments of 
obsidian were met with, amid the superficial shingle of the dyke, more 
frequently ; and it was therefore expected that an outcrop thereof would 
soon be detected. In swerving slightly eastward, the dyke is eroded 
to its very centre by the channel of the Orio Vokala, and affords thereby 
an exceptionally good view of its sub-vertical columnar jointing of 
which a photograph was taken. It is thereafter obscured by a deep 
layer of soil ; but manifestly narrows down, to be re-exposed in a remark- 
able manner by the erosion of a tributary nala to the Orio Vokala, some 
350 yards WNW. of Nagka. 

At this part, which is evidently the termination or forked termina- 


‘ton of the dyke, the banded character of thé rhyolite becomes extremely 


perfect, being differentiated into zones of fissile black obsidian, inter- 
calated with much jointed slabs of highly indurated lithoidal rhyolite -; 
the entire mass being characteristically contorted by its flow through 
a sinuous fissure. Samples from each part of this excellent exposure, 
together with portions of the country-rock (reticularly-jointed bedded- 
lava), near the zone of contact were secured _ for microscopical 
examination, 

After a general survey of the ground for a radius of nearly a mile 
to the N., NE. and NW. of Nagka up to the surrounding boundaries of 
the State, which revealed a superfices of bedded-lavas, more or less 
incrusted with deposits of miliolite, the NW. cart-road was followed 
beyond the State limit to Hathla in Navinagar territory, and from 
thence, crossing the boundary } mile WNW., and 4 mile farther in the 
same direction, the village of Kunwadar was reached. From Kunwadar, 
southward for 3} miles back to the camp at Khambhodar, the country 
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Bet, Narrative Report Ixxiii 
Presents a. wide stretch of level plain composed essentially of deep fertile 
_____ soil derived from the bedded-lavas below ; the only noteworthy obser- , See 
___- vation made, being the occurrence of a dyke of excessively dense, deep- ay 
__. black basalt, varying from 10 to zo feet or so in width, and level with a 
____ the ‘surface of the land, which takes a course from E. to W., slightly i 
trending WNW. Along this dyke, several well-shafts, each yielding 
an abundant supply of limpid water at a depth of some 20 feet, were 














sunk, and the dyke itself was said by local labourers to extend for fully 
# 6 miles westward right up to the village of Sisli, and beyond. 
“pr tered as follows :— 
ie” | Regis- | 
* Date — | Provisional Name. Locality and Remarks. 





















1-12-15 | 183 | Miliolite-Drift, thickly strewed|Between Khdmbhodar ° and 
si —— and deeply imbedded} Nutwarpura. 2 =i 
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7-12-15 | 184 |Lithoidal Rhyolite with flow-|— mile W. by WSW. of Ndgka. 
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7-12-15 | 188 | Banded Rhyolite. Sunbaked. ..|Base of dyke, 4 m. WSW. of 
| Nagka. 
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7-12-15 | 189 | Banded Rhyolite, Handing dual taste colomns exposed by erosion, 
lo sp -rosdal wtrocture af] Stream, 500 yde. Ww. by WNW. 
of Nagka. 
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7-12-15 | 1) | Black Obsidian. Terminal part|Expoeed by erosion of nala, 
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Enforced camping at Khambhodar, during which this report was - 
written, was occasioned by break down of the gharry, due to prolonged 
driving over very rough ground. 

Tents were struck at Khdmbhodar at 7-30 a.m. on the 12th inst., 
and the journey northward taken to Sodhana, where considerable delays 
were occasioned in finding a suitable site for the camp and petting the 
requisite help ; so that it was past 5 p.m. before tents were pitched in 
readiness for occupation. 

Proceeding along the NNW. made-road for a distance of approxi- 
mately 37 miles to the village of Majiwdna, frequent stoppages were 
made for the purpose of examining cuttings and natural exposures by 
the way ;—and the following entries were made in ‘the field-book -—The 
ground from Khd4mbhodar, which consists essentially of a deep layer of 
decayed bedded-lava tempered with more or less miliolite drift. Erows 








gradually less calcareous farther and farther north simultaneously with an : 

almost imperceptible rise in the level of the land, when the miliolite débris ir 
practically disappears ; so that the well-cultivated cotton and other 4 
grounds on reaching the highest level of 102 feet above datum, at r§ fp 
miles NNW. of Khambhodar, is of the nature of ‘ regur " or pure volcanic 74 
soil of a pronouncedly basic character. The depth of this fertile soil ‘y 


varies from 3 to over 6 feet ; while the subsoil averages about ten feet 
or so, before the zones of sound bedded-lava are reached. Subordinate 
dykes and veins, much decayed, but easily detectable, by reason of their 
closely-set transverse joints, appear on a level with the surface every 
here and there. They are probably contemporaneous structures, but 
not of sufficient importance, either to the scientific inquirer or rural 
economist to merit further notice. , 

At the highest level, which spreads out E. and W. in semblance 
of a low ridge, rj miles NNW. of Khimbhodar, there is a road-side 
Dharamsila, at the back of which a deep well-shaft has been sunk, which 
shows from ro to 12 feet of soil and subsoil, followed by beds of lava to pho 
the total depth, from the surface, of 66 feet -—the present water-level 
standing at 60 feet from the top of the well. This, and other records 
of a like character, are, and will be noted, as having an important bearing 
on the underground water-supply of a countryside chiefly constituted . 
by accumulations of bedded-lavas. 

There is a decided declivity proclaiming the ridge-like character 
of the ground on its northern aspect, and this is succeeded by a gentle 
rise about 5 furlongs farther on the NNW. main-road, which thereafter 
Slopes gradually downward to a level of 65 feet above the sea at Maji- 
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wiina, where observations were taken on the north side of the village 
at a succession of well-shafts, reputed to yield unfailing supplies of good 
drinking-water. These well-shafts were found to yield plenty of water 
at a mean depth of 4o feet from the surface, with about 6 feet of water 
below that level. They were further noticed to be sunk on the line of an 
almost vertical dyke of very dense, deep black basalt, running from E. by 
ESE. to W. by WNW., and thus verified the statement that the dyke 
is continuous with that previously observed immediately to the south of 
Kunwadar nearly 2 miles farther east, and rumoured to rise intermittently 
and then continuously above ground as far as Sisli and beyond. 

This Kunwidar-Mijiwdna-Sisli dyke, as it may be specified, varies 
considerably in width ;—from 10 to 30 feet or more, It is typical of the 
narrower series of dykes of the later (Eocene) period of eruptions from 
the Barda focus, in having its closely columnar joints, transversely 
divided by intense lateral compression, to give birth, upon weathering, 
to a sub-rectangular or polyhedral medium-sized shingle of from 3 to 6 
inches or so across each section. Prolonged atmospheric reactions, 
further reveal the pre-existence of spheroidal shrinkages in each poly- 
hedron, which can thus be resolved by a hammer into an excessively 
hard subspherical nucleus, surrounded by concentric shells and inter- 
stitial altered and decomposed matter, In this condition, the excavated 
dyke-rock ought to furnish excellent ready-made macadamising material 
for roadways, vastly superior to hard limestone rubble : but, of COUFSE, 
not so durable nor adapted for heavy-traffic high-roads, as ordinarily 
fresh granophyre. 

When the polyhedra, according to sizes, are simply smashed into 
two or more pieces, the practically fresh and sound nuclei, need not be 
freed from the shattered, iron-bearing shells nor crumbled, decomposed 
interstitial earth ; for these will be found useful to serve as packing for 
the “metal”, which, when watered and rolled, would instantly settle 
down into a consolidated level surface, capable of resisting ordinary 
wear and tear, with but occasional repairs, for many,—say 3 to 6 years, 
It was observed that some of this material, presumably from the well 
shaft excavations of Mijiw:na, has been desultorily used on the adjacent 
high-road, which has thus been unconsciously maintained, at places, in 
excellent condition at small cost ; but, alas ! it was also observed that the 
metal at other places was largely adulterated by semi-decomposed 
bediled-lavas from the subsoil of their immediate surroundings, 

Special attention is being devoted, whilst traversing the bedded- 
lava regions of the State, to the outcrop and course of the dykes likely 
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to have a direct bearing on the artificial irrigation of the land. In 





connection with this subject and particularly with the choice of suitable ‘i 
sites for well-sinking, FEDDEN in a footnote at page 33, of his Memoir “ss 
on the Geology of Kiathidwar, writes -—“ It was observed that the | ‘ 
agriculturists sink their irrigation wells along the dykes, tracing out a! 
their course with great assiduity ; they are almost invariably rewarded fs 
by the wells yielding water at a depth within 15 to 20 feet of the surface, ‘ ~ 
In some instances it would appear that the joints and cracks in the fs 
dyke-rock communicate with some deep-seated water-bed: in other 
cases the dykes seem to wall up, and keep in on one side, the water of 
the adjoining strata,"’ — 
Samples of dyke-rocks, will in future be taken witha view to deter- | 
mine whether there are any features that may serve to distinguish the or 
later from the older series of eruptions, or to point to the presence of a : 
utilisable underground water-supply. ? 
Onward from Mijiwina to Sodhina, little or nothing of note could a. 
be observed beyond a continuity of sameness in deep fertile bedded- i 
fava soil. The main-roadway takes a dip to form a level-crossing over 
the bed of the wide Wartu River, which is here obscured by a deposit, 
of natural riprap ; while the well-shafts that were peeped into em route, . 
right up to the town of Sodhdna disclosed naught beyond deep soil, = 
still deeper subsoil and beds of lava too far down to be accessible for i tee 
sample collecting, but plainly seen to be constituted by successive zones ay 
of amygdaloidal and compact lavas, | ee > 


Camp-Station IX.—Sodhana. 
Small Field, 150 yards SSE. of the Town. 
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FIER CONSIDERABLE DELAYS, occasioned by hunting in vain 

| & for a good camping site, tents were pitched on the 12th instant 

in a small uncultivated field partially hedged in by thick growths 

of the Milk-bush, Euphorbia Tirucalli, and the equally objectionable 

Prickly Pear, Opuntia Dillenii. It was therefore dark before things 
could be brought into good order. 

Sodhdna was selected, after much demur, as the most suitable 
centre for geological operations in this remote and awkwardly situated 
portion of the Porbandar State; inasmuch as the land to eastward 
stretches in form of a comparatively narrow cul-de-sac into the adjoin- 
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ing State of Naviinagar ; and, from the previous experience of the 


writer, is not likely to yield any specially noteworthy results other than 
those in confirmation of the fertility of its well-watered soil and agri - 

To traverse this secluded stretch of land speedily yet satisfactorily, 
arrangements were made for the following long excursion on the r4th 


instant :—A southward course was taken and a stoppage made about . 


4 mile from Sodhana Town, where a fairly deep layer of detrital sail 
had been desultorily removed for the purpose of quarrying out blocks 
of coarse, but compact rubbly-miliolite for local use. The miliolite 
was found to be denuded down to strata of barely more than three feet, 
resting upon decayed bedded-lava : while the wide plain above remained 
uncultivated on account of being periodically flooded by overflows 
from the River Wartu, 4} mile farther south, The fertile ground how- 
ever, is over-run by growths of Tanner's Cassia and Wild Indigo 

Following the cart-track to the ford across the River Wartu, 1} 
miles SSE. of Sodhina, the broad bed, (150 yards across), of the river. 
which runs E. and W. at this part, was found bordered by long and deep 
pools of water, overshadowed by scarps of bedded-lava soil, from 10 to 


‘T2 feet high, affording a good feeding ground for many mallards, shovel- 


lers, teal and other birds, The river bed of decayed bedded-lava was 
thickly covered by enormous quantities of sand of a very mixed character 
with patches of pebbles and riprap. 

Skirting the south bank, the journey was continued eastward and 
then ENE, to the village of Morina; where an examination of well-shaits 
showed some 4 feet of solid miliolite at the surface, overlying rubbly- 
miliolite and miliolite-conglomerate for another 8 fect :—the wholerest- 
ing upon a substratum of decayed bedded-lava, with the under- 
ground water-level at 17 feet below the surface. 

From Mordna-village, a walk northward for about 350 yards, re- 
disclosed the channel of the River Wartu ; but this time its bed was 
found to be bare, and upon close examination, showed an exceedingly 
decayed zone of amygdaloidal lava, covered by a partially denuded but 


still fairly fresh zone of compact, basalt, closely cleaved at places and 


generally exhibiting a sub-columnar or small cuboidal structure. Care- 
ful scrutiny of the zone of contact between the amygdaloidal and its 
superjacent compact lava, revealed a thin selvage adherent to the latter 


of ¢achylyte, a goodly portion of which had been altered by devitrification 


into a lithoidal condition. 
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Continuing ENE. for two miles to Pdérewdra, the River Wartu, 
takes a northward crescentic bend, and, save for its steep N. scarp, 
capped by deposits of miliolite, no further structure was observable, 
as the channel of the steam became increasingly filled with water. The 
picturesque village of Bhomiawadar, perched on the high brow of the 
northern scarp of the watercourse, five furlongs farther to the NE. from 
Parewara, could only be viewed from across the river, as_ the declivity 
to the former ford directly opposite to the village was dangerously 
steep; so that a roundabout détour had to be taken to approach 
the ford some 500 yards farther east. 

At Bhomiawadar, both banks of the River Wartu exhibited scarps 
of about 20 feet high, with from two to three feet of coarse but compact 
miliolite at the top, forming the foundation of the village. This stratum 
overlies a very variable, yet considerable thickness of false-bedded 
gravelly and pebbly basement indued with limy matter, which in its 
turn rests upon a coarse rubbly or brecciated conglomerate, directly 
overlying partially weathered beds of lava which form the floor of the 
shallow stream. 

A particularly uninteresting drive was taken NE. for fully three 
miles to the village of Simar, where, as at Bakharla, there appears to 
be an excellent State Bungalow, monopolised as Police-quarters. During 
the drive it was found that the undenuded miliolite forms a band of in- 
significant width, surrounding the course of the River Wartu, but rapidly 
diminishes to nil northward ; so that at less than half-a-mile NE. of 
Bhomiawadar, not a vestige of calcareous rock remains, Well-shafts 
hereabouts, show the water-level at a depth of 15 feet, through 12 feet 
of soll and 3 feet of subsoil. Yet half-a-mile farther NE. the ground 
assumes the aspect of a rock-plain, with but little soil -—the country- 

rock being altogether of the nature of decaying bedded-lava, reticularly 
jointed. Only one dyke of any consequence was found, consisting of 
a dense blue-black basalt, some 30 feet wide, running from SSE, by SE. 
to NNW. by NW., about 500 yards SSW. of Simar. Such dykes are 
marked on the map by thin red lines. 
‘ Keticular or polyhedral jointing, first so called by the writer, is in 
reality but a modification of the columnar form so generally recognised 
among rocks of igneous origin, It arises manifestly by the abbreviation 
of the transverse intervals, which usually divide the master-joints of 
the columns in rocks of both deep-seated and superficial consolidation. - 
The reticulation may be on a minute, even microscopic scale, or may 
divide the mass into polyhedra of an inch or two up to as much as a 
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foot or so across, When developed on a larger scale, the reticular merges 
into the evidently columnar style of jointing. 

Now, practically the whole of the countryside between Bhomia- 
wadar and ‘Simar,—which rises in its level so noticeably as to affect the 
vegetation, to wit, by the frequent appearance of the Bastard-Teak, 
Butea frondosa, now becoming conspicuous by reason of its flaming 
vermilion blooms,—consists of bedded-lavas, more or less reticularly 
jointed, and this facies continues to prevail from Simar as a centre 
to all points of the compass cut by the boundaries of the State, with the 
exception of sporadic eminences capped by insignificant deposits of 
miliolite or the miliolite-base that have escaped denudation. At certain 
places, the reticulation, notably 4 mile SW. of Rojhiwdra, becomes so 
fine, that, when weathered sufficiently, the country-rock disintegrates 
into small grains which ultimately grow powdery. At other parts, but — 
a few yards distant, the polyhedra and their nuclear spheroids, attain 
to as much as four to six or more inches across. When the weather is 
dry and the roadway is covered with a six-inch deep layer of the broken- 
down granular lava, it tends to impede vehicular traffic : while, when 
the naturally-broken shingle exceeds 14 or 2 inches in diameter, the 
roadway is apt to be troublesomely rough. 

Whether amygdaloidal or compact, the bedded-lavas throughout 
the region traversed are of this reticular character, and when not too 
much decomposed, admit of being very readily crushed to instantly 
yield an abundant supply of excellent hard-wearing “ metal ™ suitable 
for macadamising or for top-dressings with or without tarring, provided 
always that the reticular meshes, so to speak, yield shingle of the desired 
gauge for the work in hand; and also that amygdaloidal shingle, for 
obvious reasons, is rejected. 

On the way back to camp irom Rojhiwara, vid Iswaria and Bhomia- 
wadar along the westward cart-road leading to Adwiana, a great rock- 
plain of reticulated bedded-lava prevailed ;—sometimes amygdaloidal, 
but more often compact in character. On reaching a spot one mile 
SE. by SSE. of Adwana, a long low ridge trending SSE. to NNW. of 
dark-black basaltic dyke-rock, with characteristic transverse jointings 
was carefully noted for future and further investigation. 

At 8-30 a.m. on the 16th instant, the traverse of the countryside above- 


‘noted was resumed by a rapid drive across the substantial stone bridge 


that spans the Sorti Nuddy immediately N. of the town of Sodhdna, 
and thence for 1} miles NNE. to Adwana-town. built upon the SE. ter- 
minal eminence of a ridge of bedded-lava, which runs, with interruptions: 
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to the NW. for about a mile. The ground between Sodhdna and Ad 
wana, was observed by peeps into well-shafts to be essentially composed 
of bedded-lavas very deeply decayed ;—the soil at some places reaching 
down almost to the mean water-level of 20 feet below the surface. 

By re-crossing the Sorti stream } mile SE. of Adwana and continu- 
ing for another 3 furlongs, the dyke already noticed to form a low, long 
ridge one mile SE. by SSE. of the town was traced to remain exposed 
on the surface, and then to vanish ;: but it was subsequently found out- 
cropping about } mile NNW. by NW. of Adwdna on the roadside, and 
was again detected 33 feet below the surface in a well-shaft on the E, 
side of the roadway leading to Nagaria in Navanagar State, about 2 
miles still in the same direction, NNW. by NW. of Adwana. 

About 2 miles E. by ENE, of Adwana, the ground becomes percepti- 
bly hilly, and consists of a wide rock-plain, sparingly cultivated, of 
bedded-lava reticularly jointed, to yield an abundance of surfare shingle, 
sometimes fairly fresh, and capable of being gathered readily and screened 
to yield abundant supplies of naturally-made road-metal and road- 
dressing material, quite good and durable enough for the proper main- 
tenance of all the local roadways, at a minimum of cost. Right up to 
the State boundary in this direction, for fully 3 furlongs, the same — 
characteristics prevail: while northward, after crossing a deep ravine, 
and traversing about 2 miles of more or less fertile ground to the sur- 
rounding boundaries east of the Sorti Nuddy, which runs from Adwéna 
practically due north, nothing beyond bedded-lavas with but a few 
insignificant dykes could be detected, 

Returning to Adwana, across the Sorti stream, hilly ground, capped 
with the remnants of a deposit of miliolite was encountered forming 
4 Narrow irregular eminence } mile due N. of the town. The material 
from this small hill is not of sufficiently good quality for building blocks, 
but affords a fair supply for burning into lime, for local use. 

About 150 yards west of the miliolite-capped mound, the NW. 
roadway from Adwdna is flanked on its westward aspect by a high ridge 
of reticularly-jointed lava, which runs SE. to Adwéna and NW. to a 
summit of 124 feet above the sea-level, forming an eminence of nearly 
one mile long by about three furlongs at its widest part. The bedded- 
lava of which this is composed consists of a very tough and but slightly 
amygdaloidal material, from which an abundant polyhedral shingle 
of from 4 to 2 inches in diameter is shed upon its slopes, and could there-_ 
fore be economised by use as road-metal of fair quality for local wants. 
Yn the eastward base of this ridge the long NW. by NNW. to SE. by 
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_ SSE. dyke already alluded to, takes a somewhat sinuous course above 


ground, to vanish, and then reappear, 33 feet below the surface, in an 
old well-shaft 2 miles NW. by NNW. of Adwana. 

Cutting westward along agricultural cart-tracks, the arable land 
about 500 yards due W. of the well-shaft just noted was found to be 
strewed with large fragments of impure milk-white rhombohedral 
calcite ;—the relics of a small superficial vein through the bedded-lava, 
now utterly destroyed. This vein probably ran westward to a spot 
1} miles N. by NNW. of the resuscitated village of Bhatakri, where a 
small outcrop still remains untouched. 

The country-side around and about this calcite vein, approximately 
centered by a small isolated mound of miliolite, about 14 miles NNE. 
of Bhatakri, appears to be somewhat siliceous, being strewed with frag- 
ments of veins and geodes of onyx, chalcedony and quartz, frequently 
intergrown with calcareous matter. These fragments might perhaps 
be utilised by thrifty villagers for fancy-button making, 

On Saturday, the 18th inst., tents were struck at 8 a.m., and the 
camp was transferred to Morwdra, where no help was afforded by the 
resident Tapedhar, so that it was past 6 p.m. before things could be 
got into working order in a hedged-in piece of ground about too yards 
to the ESE. of the town. 

The journey from Sodhana to Morwdra was arranged to cover a 
maximum of hitherto untraversed ground as follows :—The <outh- 
western cart-road was traversed for a distance of 1} miles, over deep 
fertile bedded-lava soil with the exception of a small patch of about 
3 furlongs in width in the vicinity of Sodhdna, which exhibited a mere 
crust of miliolite, covered by a foot or so of alluvium deposited by period- 
ical overflows of the river Wartu. After crossing the gravelly and 
pebbly bed of the Wartu, a southward course for nearly 3 furlongs was 
taken to the town of Fatdna, where the underground water-level at a 
mean depth of 2o feet, entirely through bedded-lavas was observed by 
the examination of local well-shafts. 

It was noticed that the compact zone of the bedded-lava superficial y 
exposed, reached down to a considerable depth, and, upon reaching 
the SE. quarter of the town due advantage appears to have long since 
been taken of this circumstance, by the excavation of small pit-quarries 
to supply building-stone for local wants, inasmuch as no miliolite occurs 
in the neighbourhood. The black-stone quarries showed exposures, 
under only a vevy little subsoil, of tolerably fresh, and fairly tough, 
sound, compact stone, in vertically jointed columns, capable oi yielding 
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good-sized building-blocks, setts and road-metal in abundance : but the 
excavations being of the nature of pits in level land, there must always 
be the disadvantage of water-logging and the premature rotting of the 
stone from the presence of an excess of quarry-water, 

From Fatana the WNW. cart-road for 1} miles, to Singra, traversrs 
a richly fertile and well-watered country side of deep bedded-lava soil. 
Singra with its conspicuous “ Dera" or Temple, is situated on an eminence 
of tough, compact, slightly-amygdaloidal lava, of which a pood sample 
was obtained from near the bottom of a well-shaft, 100 yard: WNW. 
of the Temple. 

Proceeding along the cart-road WSW. for 1} miles to Sisli. brief 
halts were called, and detours made, first, about 1 mile SSW, of Singra, 
where the hilly undulating rocky surface, was found to be composed 
of a tough, slightly amygdaloidal lava, reticularly jointed, and liberally 
strewed with shingle of all sizes up to about 4 inches across, in a condition 
fresh enough to be utilised for local road improvements, by being screened 
and occasionally broken. At about 500 yards E. of Sisli, the great 
dyke, already traced as trending thence from S, of Kunwddar and vid 
Majiw:ina, was carefully examined. At the spot just noted, a small 
well-shaft, yielding but a poor supply of water at a depth of 25 feet from 
the surface, the dyke measured about 30 feet in width: but showed 
unmistakable signs of excessive lateral compression, inasmuch as the 
dense black basalt of which it is composed, exhibited such perfect cleav- 
age, that the material when slightly weathered, was found to be trans- 
versely split into thin flakes, most of them much less than } inch in 
tenuity ; while the vertical jointing of the mass had the effect of breaking 
up these thin plates into sub-parallelopipedal forms. Towards the top 
of the well-shaft, a band of about 3 feet in thickness of very closely- 
cleaved rock was observed to be so much contorted as to be folded upon 
itself ;—evidently, as the result of some obstruction in the way, during 
the passage of the intrusive moken material. 

_ _ It was noticed that the newly pegged-out roadway from Majiwana 
to Sisli and thence vid Waddla to Midni, takes a Parallel course with the 
abovenoted important dyke, and it may therefore be here suggested, 
that in order to convert the cleared ground into an economical traffic 
route, it should be provided with a raised resilient foundation, prefer- 
ably drained, and then macadamised with a fairly generous layer of the 
naturally broken “ metal," so abundantly strewed upon the surface and 
slopes of the adjoining dyke. It would, of course, be necessary to screen 
the dyke-shingle in order to secure “ metal" of uniform gauge, When 
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examined, it was found that the pieces of detached shingle from the 
i's t surface, of more than one inch across, were, for the most part, quite 


om fresh and sound enough for ordinary road-making. . Such material ought 

: to yield a permanent level capable of withstanding fairly severe traffic, 
a7 for at least two or more years ; and, if tarred and dressed with tarred 
‘ granophyre chips, (to take the brunt of the wear and tear), its “‘ life * 
atk would probably be trebled. At all events, although not so tough and 
#4 | strong as even weathered granophyre, the material for road-making 
; purposes is unquestionably superior to any kind of calcareous stone 
and is so easily available in such prodigious quantities, that there can 


: : be no excuse why it should not be utilised more extensively, 

’ From Sisli to Morwdra the roadway takes a recurved course for 
3 37 miles from NNW. to SSE, in the midst of a band of agricultural ground 
‘ hemmed in by rock-plains;—the region being characteristically constitut- 


ie ed by bedded lavas, more or less polyhedrally jointed. Some 2} miles 
| SSE. of Sisl there is an appreciable relief, where, at old Sundrdwadar 
the ground rises to form a hillock of 99 feet above the sea-level, which 
, is continued ridge-like from WNW. to ESE. for a little more than a mile, 
po The summit and slopes of this elevation are plentifully strewed with 
more or less decayed polyhedral shingle, and, when tested, the country- 
rock was found to be much tougher than that of the lower lying 
ground; so that here also a practically unfailing supply of utilisable road- 
metal may be sought for and found, to supplement the stock of dy ke- 
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z shingle already alluded to, as a fairly good third-grade metal, adapted 
. - to the needs of well-constructed rural highways. 
Approaching Morwara, the surface of the country-rock presents 


quite a vanety of textures in bedded-lavas, which however, all agree 
in being more or less recticularly jointed. At places, the lava is closely 
_ + -amygdaloidal and zeolitiferous ; at others, it is liberally studded with 
+ small geodes of mixed chalcedony and quartz, or of mesolite and natro- 


= lite, which also traverse the rock in veins ; but, what is of more importance 
economically, the entire region appears to be criss-crossed by small and * 

* large dykes, some of which show signs of intense lateral compression 
yy by their closely cleaved character, while others are more normally deve- 
A‘) loped, and capable of yielding practically unlimited supplies of angular 
~~ shingle adapted for road-making operations, at small cost for 
labour. 2 

z Of the character just noted, is the long and prominent dyke which 


nhs runs practically E. and W., about } mile N. of Morwdra, which can be 
ba traced almost continuously above-ground for a distance of more than 
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two miles, and which has been pierced at intervals by the well-shafts 
of local agriculturists. 
Specimens of rocks and minerals registered since the last record, 


are as follows :— 





Date. | tered | Provisional Name. | Locality and Remarks. 


a 


12-12-15 | 195 Dense, Black Basalt, Surface ..|Well-shaft, 500 yds, NW. of Maji- 

14-12-15 | 196 |Pale Buff-brown Miliolite-Lime-|Monsoon-flooded Plain, } mile 8, 
stone, Kubbly and Earthy, | of Sodhina. 

14-12-15 | 197 |River Warto Sand aH -+|Bed of River, 1] miles SSE, of 


14-12-15 | 198 |Tachylyte. Bed of River Wartu,|300 yards N. of Morina 
14-12-15 | 199 |Closely-jointed, Compact Lava..|Of which 198 ia a Selvage 


14-12-15 | 200 |Coarse Medium Pale-buff/Top of N. BaD Bie Wartu. 
| Millolite-Limestone. Immediately SE of Bhomia- 


14-12-15 | 201 Blus-black, Basaltic Dyke-rock of 500 yards SSW. of Space i 
the older series. runs a SSE. by SE. to 
| by NW 

14-12-15 | 202 |Closely Reticulated Bedded-lava,|Surface, } mile SW. of Rojhiwira. 


14-12-15 | 203 |Compact Bedded-lava,very slight-|New well-shaft, from 15 ft, depth. 
ly Amygdaloidal. 200 yards SSE. of Rojhiwra. 


14-12-15 | 204 |Dark-black Basalt. Dyke rans,|One mile SE. by SSE. of Adwina. 
| aslow ridge, NNW. to BSE. . 


16-12-15 | 205 |Bedded-lava, reticularly jointed 1? miles E. by ENE of Adwina. 
and very slightly amygdaloidal ;| Weathered out, from | 
yields | to 2-inch polyhedra. to small polyhedral shingle. 
16-12-15 | 206 |Reticulated Bedded-lava .+|From which 205 is derived. 
16-12-15.| 207 ey erertag Bre conta ed Top of Ridge, } mile NW. by 
be Aine jee. NNW. of | 
Yi 1a to eae il 


16-12-15 | 208 |Black Basalt, Dyke-rock. -»|Well-shaft, 2 miles NW, by NNW. 








16-12-15 | 209 }Onyx, Geodeand Vein-frgments.|? miles NW, of Adwina, 
16-12-15 | 210 |Caleite, Narrow Vein ..  ../1] miles N. by NNW.cf Bhatakri, . 
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a 
o \ , 
| a 
‘, Date, Provisional Name, | Locality and Remarks. cv 
# +‘ oo 
ac ‘ ae i: 
a 18-]2-15 Compact Bedded-lava. Pit}200 yds. SE, of Fatdna Capable ee 
AG Quarries, for local buildings, | of large extension. Liable to 
“{ water-log, 
aS 18-12-15 | 212 |Compnact, Slightly Amygdaloidal|100 yds. WNW. of Singra Temple. ee 
Bedded-lava, | Bottom of 20 ft Well-shal. | - 
ae 18-12-15 Cleaved Besalt of Dyke . . 500 yards E, of Sisli. | 
% 18-12-15 4 |Siliceous Geodes, Onyx,ete. . | mile NNW. of Morwira 
18-12-15 Cleaved Basalt. Weathered Dykela mile NNW. of Morwdm. 
| rinsing NW and &E, | 
18-12-15 | 216 |Compact Elue-black Basalt |} mile NNW. of Morwira. 
Dyke runs practically E.and W. | 
y Camp-Station X.—Morwara. 
det Enclosed Garden, 100 yards ESE. of the Town, —— 
. ees FOR WORK having been satisfactorily completed 
in camp by the evening of the 18th instant, the succeeding day 
was devoted to the trimming, registration and packing of 
specimens, and to the compilation of this report from the Diary and 
¥ Field-book notes by the way. 
| At 8-45 a.m., on the 2oth instant, an excursion was taken in a south- | Pp * 
easterly direction to Bharwara, and from thence northward past Khdm- me 
bhodar to cover ground that had been left untraversed for this special 
occasion, At the very outset, a wide, but superficially ill-lefined dyke 
of basalt was located to run from NW. by NNW. to SE. by SSE., only 
too yards E. by ESE. of the town, 
wy The south-eastward, roadway, after traversing nearly a mile of 
5 bedded-lava rock-plain, enters upon the alluvial fairly fresh-water land 
x of the NE. moiety of the ‘Ger’ or Marsh, and the ground thereabouts 


- js utilisetl, in season, for rice cultivation ; but, at present, is partially 
—— occupied by thriving cotton fields, The alluvial deposits vary very 
5; greatly in depth ;—ranging from less than one foot to over ten feet at 
sundry places, and notably at a spot where a stream-channel, traceable 
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to Bagwadar, cuts through the clayey soil to show a hardened sandy 
marl at the bottom, covered by earthly, richly fossiliferous alluvium, 
with slabs and small fragments of miliolite-drift imbedded in its upper- 
most parts. The fossils found are all of recent age, and principally 


8! gs 


oi” iy gs 
ae 


a 
ar? 
ae belong to the genera Potamides, Paludina, Planorbis and a few stray 
ays valves of Unio. 
Bee: Approaching Bharwara, towards which the Ger alluvium encroaches, 
am the surface of the ground grows gradually more and more miliolitic, 
ae - until the roadway cutting through a bluff reveals the following geological 
rs. structure ;—The bluff borders a broad valley filled with alluvium and lies 
Bay? 7 furlongs WNW. of Bhirwdra. Its top is covered by about a foot in 
‘ee : depth of coarse and fine slabs of false-bedded miliolite, overlying a thin 
= layer of compact, rubbly’ miliolite conglomerate, which, in its tur is 
' ; ~ = followed by about 4 feet of an earthy, incoherent, miliolite-conglomerate, 
v a with inclusions of limonitic limestone from the underlying Tertiary 
) ee 


deposits, which are not here exposed, but may be seen in sifw, exposed 
by the banks of the river ? mile farther south. The bed of the river 
at this part bears large quantities of fine sand, of which samples were 
taken for examination. 

Bharwdra village stands on a foundation of coarse and frequently 
false-bedded miliolite, which diminishes to nil in the direction of Bag- | 
wadar and Khambhodar ; where, however, the ground is rendered fairly 
calcareous by large quantities of miliolite drift. 

It was formerly noticed, that a large proportion of the drift frag- 
ments around and about the town of Khambhodar, consisted of thin 

flat slabs of a coarse texture and ruddy hue, so that it was not Surprising 
to find that on the west side of the highway, about 3 furlongs SSW. of 
Khambhodar there is a narrow ridge-like hillock which runs SW. to 
NE. for about 4 mile, composed of bedded-lava, thickly capped with the 
remains of a basement layer of coarse, sandy Dwarka Stone curiously 
deposited in thick laminz of from less than } to as much as 2 inches or 
more in thickness, just barely held together by interstitial ferruginous 
limy matter, so that the entire mass presents a singularly shaly aspect. 
The hiliock top is literally riddled with pits,.from which this insub- 
me: stantial rubbish has been excavated for road-making. 
Rete, From Khambhodar westward to Kindarkhera, the fertile country- 
__—__ side is well cultivated upon essentially pure regur soil derived’ directly 
from the decomposition of the bedded-lavas below, At Kindarkhera 
itself, the land is largely covered by alluvial soil - while northward in 
the direction of Majiwdna and westward, back to Morwdra the bedded- 
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lavas of the Deccan-Trap Series constitute the entire surface of the 
country-side. Nodykes of any size were discovered in this region ; 
but a few of the low hog-backed hillocks and ridges were carefully exa- 
mined, and found to exhibit exceedingly tough and strong material 
capable of being utilised as road-metal with decided advantage on the 
score of economy. Among these, special mention may be made of a 
manifestly crystalline olivine-dolerite, which forms a large quadrangular 
hillock 2% miles NE. of Morwdra on the road leading to Majiwiina. 

Untraversed ground to the north of Morwara, was duly covered, 
on the zoth instant, by a journey of 44 miles from the camp to the north 
of Singra. During this excursion, the E. and W. dyke, already noticed, 
was re-crossed } mile due N. of the town and found to exhibit normal 
angular shingle at the surface, at a place suitable for being excavated 
for the extraction of good road-metal material on a large scale. At 
this spot, moreover the bedded-lava or country-rock through which the 
dyke passes, is raised into a low, scarcely perceptible ridge which trends 
SW. to NE,, and is composed of more than ordinarily tough material, 
polyhedrally jointed, and therefore capable of. being also utilised as 
road-metal for country highways. The precaution must be taken 
however in excavating upon the elevations of this, and indeed upon 
all rock-plains composed of bedded-lavas, to discard patches of materia 
that are too closely amygdaloidal, if such material is destined for use 
as road-metal. Certain areas on the surface hereabouts, are so thickly 
studded with zeolitic amygdales, as to give the rock a singularly orna- 
mental appearance ; and, when quite fresh, such specimens, in even 
small dimensions, might be utilised by fancy-stone artificers, for 
the production of quaint clock-cases, ink-stands and the like. When 
weathered and sunbaked, the amygdales are very liable to crack asunder 
and drop out, leaving the hardened matrix of the rock in its onginal 
highly vesicular, almost spongy condition. It will therefore be gathered, 
that such textures, although capable, when perfectly fresh, of withstand- 
ing ordinary wet and dry attrition, would speedily succumb under severe 
crushing force, such as that occasioned by heavy and continuous cart- 
traffic ; so that, as a rule, all, save only very slightly amygdaloidal 
lavas, should be unhesitatingly rejected, when tendered for road-making 
operations. 

At a distance of 1} miles N. of Morwara, an E. and W. trending 
ridge of ground is encountered, which has lately been put under culti- 
vation for the sake of the scanty soil which it affords. Excavations 
here, which would be naturally drained and free from fear of detrimental 
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water-logging, would yield an abundant supply of compact shingle, 
sufficiently tough for ordinary road-metal; but, it will doubtless be 
called to mind, that the westward extension of this ridge rises to a 
summit of 99 feet above the sea-level, in form of a rounded hillock, 34 
furlongs SE, of the abandoned village-site of Sundriwadar, the slopes 
of which are closely covered with 1 to 3 inch angular shingle in a tolerably 
fresh condition. Obviously, a slope-side quarry here would be sufficient 
to supply local wants, for road-making and repairing for many miles 
around with strict economy. 

About one mile SSW. from the N, of Singra, the road from Mor- 
wira crosses the great E. and W. dyke to which frequent reference has 
been made, under the specific name of the Kunwiddar-Majiwina-Sisli 
dyke. Good and abundant angular shingle capable of being screened 
to readily yield large supplies of fairly fresh, ready-made ‘metal’ of 
1} inch gauge, could here be secured at a minimum of cost, for laying 
down upon the entire length of the newly marked roadway from Majiwdna 
wid Sisli and Wadila to Mini ; and fresh quantities of perfectly sound, 
unweathered material can always be depended upon all along the length 
of the great dyke, (which averages 10 yards in width, down to a mean 
depth of 20 feet to the underground water-level), if wanted. 

From the crossing of the great dyke by the cart-road from Morwiira, 
for a distance of fully half-a-mile, a well-marked ridge of bedded-lava 
extends from 5. to N. towards Singra, and being composed of more than 
ordinarily tough material, (ergo its persistence as an elevation), and 
reticularly-jointed on a moderate scale, offers a fresh variety of material, 
if required, for road-making purposes. 

On reaching the north of Singra with its richly fertile gardens, 
observations were taken of the well-watered valley of the Kamad Nuddy, 
now fairly full of water, and it was found that the land to the north of 
Singra right up to the State boundary marked by the southern bank 
of the now comparatively narrow River Wartu, consists of an exception- 
ally deep layer of bedded-lava soil, with but only occasional exposures 
to indicate the nature of the rocks below. Thus, at the State boundary 
2 miles NW. of Singra, both banks of the River Wartu show scarps 
of 15 feet of thoroughly decomposed bedded lava: while similar soil 
continues more or less deeply developed all along the boundary area up to 
and beyond the cart-road leading from Sisli to Riwdl in Navinagar 
state. Tchis road was followed up to Sisli, after crossing a shallow 
fordway, now dry, of the Kamad Nuddy, and the irregularly elevated 
long patch of ground to the immediate south of that watercourse was 
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found to show an exposure of reticularly-jointed, shingle-strewed bedded- 
lava, somewhat decaved. 

On reaching Sis, the Patel of the village earnestly requested the 
inspection of an old site, where a small dam, now demolished, had once 
held back the surplus drainage of the surface in form of a tank or reser- 
voir. The site in question lies approximately } mile W. of Sisli, and is 
reached by following the course of the great dyke, (which intersects the 
Village and continues westward past the State boundary nearly a mile 
farther on the road to Chandrawara in Navinagar territory), and then 
crossing south through a plantation of Babuls, (Acacia arabica), to 
where a streamlet carries the upland drainage towards a tributary from 
the Kamad Nuddy, a trifle over a mile to the north-west. It has, and 
doubtless correctly, been estimated that the reconstruction of a dam to 
constitute an irrigation “Talav’ would amply justify any expen$e 
incurred, by securing a plentiful water-supply for fully goo acres of 
excellent agricultural land, which is at present forced to lie 
fallow. 

From Sisli south-westward on the road to Waddla, the ground for 
about } mile is covered with from 1 to 3 feet of alluvium due to overflows 
during successive monsoons of the neighbouring watercourses, but the 
bedded-lava soon outcrops as an undulating rock-plain for 1} miles 
to the angle-boundary of the State, where an irregular rising area may be 
distinguished by the superior hardness of its rock, which exhibits numer- 
ous geodes and small veins of a siliceous character :—chalcedony, 
quartz and zeolites. 

Taking up the roadway from Chandrawira at this boundary, back 
to the camp at Morwira, nothing noteworthy remains to be recorded, 
beyond the observation that the land is constituted by a wide and 
almost treeless rock-plain with but a scanty supply of soil which is fully 
cultivated wherever a plough can be made to penetrate. The ground, 
moreover, notably in the NW. neighbourhood of Morwdara is ultra- 
siliceous at many places, and frequently glistens and gleams in the 
sunlight from the numerous white fragments of geodes and veins of 
chalcedonic silica, quartz and species of zeolite. These, however, are 
of but little value in the crude condition; although they might be utilised 


by industrious villagers for fashioning into quaint curiosities, buttons, 


and so forth, 

Tents were struck at Morwira at 9 a.m. on the 24th instant and the 
camp removed to Miini, where, as sufficient accommodation was available 
in the Durbargadh buildings, work was conducted from those quarters 
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thereby saving the loss of practically one whole day. The journey 
from Morwdra was taken vi¢ Wadiala, and thence along the lower cart- 


road past the Naonira Talav to join the newly projected roadway near - 


the sea-port town, and the following observations by the way, were 
duly recorded. 

On leaving Morwara a visit was paid to the Patel's well cultivated 
fields and gardens on the north-western side of the town where the 
well-shaits were inspected and advice afforded on questions of water- 
supply and irrigation. While in this neighbourhood, the opportunity 
was taken to examine some of the well-shafts on the line of the E. and 
W. dyke which here cuts through the bedded-lavas j mile W. by WNW. 
of Morwiira. 

One of the wells thus examined was being newly sunk a few yards 
oat of the line of the dyke, and the anxious agriculturist wanted to know 
why he did not find any indications of a water-supply after having 
reached to a depth beyond the normal water-level. It was pointed 
out to him that he had sunk his shaft into previously drained bedded- 
lava, just outside of the water-holding dyke ; but his labours were not 
entirely in vain, for it was found that he had unearthed the basal contact- 
zone of a lava-flow, which, in passing over the chilled surface of a pre- 
vious bed of lava, must have had its steam-laden vesicles, propelled 
vertically upwards into the molten rock-mass, so as to form numerous 
straight or branched tubes of varying lengths,—seldom more than a few 
inches long. These stem-like vesicles when subsequently filled with 
secondary mineral matter, would, of course, be afterwards represented 
by the vertically disposed, more or less closely parallel rod-like amyg- 
dales found in the solidified lava ;—the matrix of which, in the present 
instance, has also undergone profound changes, by being converted into 
a brick-red material, analogous with laterite, The specimens secured 
of this uncommon phenomenon in local bedded-lavas, present a singu- 
larly curious and even beautiful appearance of a deep brick-red ground 
traversed by sub-parallel rods of milk-white, (zeolitic), mineral matter 
coated with bright green glauconite. They are of scientific rather than 
of commercial interest. 

About one mile west of Morwiira, the long dyke abovenoted exhibits 
evidence of intense lateral campression, being revealed by a well-shaft 
there situated, from which large quantities of closely cleaved basalt, 
precisely similar to that observed E. of Sisli, have been extracted ; but 
the vast bulk of the dyke-rock is of the nature of perfectly fresh deep- 
black basalt in polygonal pieces of irom 6 to 8 inches or so in length 
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~a with a tendency to break with ease into a hard angular shingle suitable 
ir for road-metal. : 
EA ~. While the bedded-lavas preserve their integrity as reticularly- 
PR jointed rocks, all the way from Morwdra to Wadiila there are a few 
ee instances to be met with of diversity in detail which are worthy of more 
Ae than passing notice in this place. For instance, about 11 miles WNW. 
mn of Morwira there is an eminence of irregular shape and of quite 4 mile 
) aes across, which, by reason of its superior elevation, proclaims the power 
a of being better able to resist subaerial denudation than its surroundings. 
Wa When examined, the rock at first sight appears to be in no wise different 
ee from the lavas below, but upon careful scrutiny, especially of certain 
ae patches of weathered material, it is found to exhibit a very curious 
ey structure ; being, in effect, jointed inta small polyhedra, having an 
Bit average diameter of a little more than an inch, with shrinkage spheroidal 
aS nuclei composed of very much harder material ; 50 that when sufficiently 
a decomposed, the small spheroids of approximately one inch in diameter, 
= drop out entire, like so many schoolboy’s marbles from the crumbling 
a mass, when smartly tapped by a hammer, 

C Another feature, by the wayside on the road to Wadala, is that at 
=, about 14 miles ESE. of the village, the road runs partially over an E. 
eS to W. trending dyke, traceable for about 5 furlongs aboveground : while 
aa only about roo yards or so E. of the village, there is a jumbled mound 


eg composed of large blocks of black-rock, which might from a distance be 
iy expected to yield good building material ; but which, upon examination 


a was found to be amygdaloidal, tough and splintery ; sub-reticularly 
s jointed ; and almost rhyolitoid, #.¢., showing flow-structure, accompanied. 
bs by a fissility which renders the material quite unsuitable for either 
ihe building purposes or road-metal. The amyedales, moreover, were found 
ZS to be elongated and discoidal, pointing to a very rapid consolidation 
si, of the flowing molten magma. 

Ps Westward of Wadadla on the route to Miini, the bedded-lavas of 


x. the Deccan-Trap Series continue to predominate for about a couple of 
id miles, first of all as a partially cultivated country-side and then in form 


of a rock plain. Gradually, however, the surface becomes strewed with 
ee angular drift material of mixed miliolite and Tertiary fossiliferous lime- 
x stones and consolidated sands, which probably belong to the Dwarka 
om group of beds. 
About 14 miles E. of Miani, on the N. side of the newly-marked 
: roadway there is a well-shaft which throws some light on the geological 


a structure of the ground. The section shows about 2 feet of soil, followed 
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b below by 3 to 4 feet of compact conglomerate containing numerous 
“ fragments of Tertiary fossiliferous limestone and laterite, overlying 
a to feet of a rubbly and earthy conglomerate. . 
$ Approaching Midni, } mile ESE. of the town, the roadway runs 
PM, le past the termination of a Euphorbia-clad narrow ridge which trends 
Bi). from NW. to SE. in a sub-crescentic line, showing a cap of some three 
tye feet of coarse, freely honeycombed miliolite, resting directly upon a 
ie substratum of compact, consolidated shell-sand of Dwiirka, or Post- 
i Pliocene Age, From thence, the ground rises rapidly to the eminence, 
on the northern slopes of which the town is built, along the eastern scarp 
of the broad inlet known as the Meda Creek, and about one mile distant 
irom its sand-spitted outlet into the open Arabian Sea. 
. Additions made to the collection of geological specimens may now 
| be registered as follows :— * 
‘ Date, wie Provisional Name. | Locality and Remarks. - 
ai0, - 
[r= 
x 20-12-1] 217 |Alluvium of Ger containing|! mile SSW. by SW. of Kindar- 
» fresh-water shells of Mollusca kherm, 5 to 10 ft, scarp, E, . 
= of the genera Pofamides, Planor-| bank of atream from confinen oe ; 
2 ‘ tis, Paludina and Unio, | of drainage from Kliimbhodar 
oy ! and Bagwadar, 
of “0-12-15 | 218 |Coarse to Fine, Slabs of Compact/7 furlongs WNW. of Bhirwira 
Miliolite-base Stone. Top of Bluff, Fatse-bedded, : 
33 =0-12-15 | 219 (Compact Rubbly Miliolite-Con-|Underlying 218, : 
glomerate, n 
3 20-12-15 | 220 [Incoherent Miliolite-Conglomerate Underlying 219, A. 
+ 20-12-15 | 221 |Fine River-Sand, Large quanti-/3 furlongs SW. of Bhirwira. 5, 
ies, 
* *)-12-15 | 222 Fine to Coarse, Indurated and\Capping hillock of Bedded-Iava, 
Shaly Dhwirka Limestone. 3 Farkege SSW. of Khambho. 
| dar. = 
if j n i 
Aa 20-12-15 | 223 Compact Bedded-lava --|Hilly-mound, 23 milea NE of =, 
A, | Morwiira, 
ir 20-12-15 | 224 /Tough, Compact Bedded-lava. If miles NE.of Morwira, 150 yds. — 
; | Reticularly jointed. Suitable) S. of road to Majiwina, a 
hams | for ‘ metal", a 
* i vo 
a fh, “2-12-15 | 225 Sample of shingle from = mile N. by NNE. from centre Re 
| ranning pmetically E. and W of town of Morwira, Je 
35 | Suitable for Road-metal, | be: 
; “ES Sa ee - 
4 J 
| ae 
= 
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22-12-15 
22-12-15 





Sur-|7 furlongs SSW. of Singra, Abun- 
dant and suitable for * metal.’ we 


Dyke 228, Used for dressing new 
road, Majiwina to Mizini. 


Polyhedral Shingle. Tough Bedd-|Ridge, } mile 5. of Singra, Abun- 
ed-lava, suitable for road-metal.| dantly strewed on slopes. 


loidal, siliceous and zeo-|Hilly-ground, 1) miles SW. of 
ous Bedded-lava Shingle, | Sisliat State-boundary, * 


| |Bedded-Inva, Lowest Contact-/From new well-shaft, } milo W 
zone, Laterised and bearing); by WNW. of Morwira. 
Vertical Stem-like Amygdales. 









22-12-15 Decored Subsoil from Edge 
Dyke. 





22-12-15 
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24-12-15 













| 
| 










24-12-15 Amygdaloidal Bedded-la va. Irregularly shaped Eminence, ; 
Tough, splintery, in large blocks! mile acrosa, 1} miles WNW, o 
and sub-reticularly jointed. Morwiira, 















24-12-15 | ° 
24-12-15 


utely-Spheroidal Bedded-lava. 


Amygdaloidal Bedded-lava, 
big a with nisiggn . 
lis Amygdales due to 
consolidation during flow, 


Sundry portions of 233, 


In P diaek take oon The rock 

tough, is splintery and 
fiasile, and therefore of no com- 
mercial value, 













04-12-15 te, with|]} miles E. of Miani, 


Tertiary Limestone und Laterite| 











24-)2-15 . Sandy, Honeycombed| Narrow Ridge-top, } mile ESE. 


Limestone. of Misini. 





24-12-15 





. yes nee Shell-Sand, (Dhvir-/Immediately underlying 237, 


Camp-Station XI.—Miani. 
The Durbargadh, SE. side of the Town. 
Mati ACCOMMODATION for work being available within the Durbar- 
: gadh inclosure of the town, the tents were, for the time being, 
stowed away ; and, early in the morning of Sunday, the 26th instant, a 
general reconnaissance of the country-side was made of the NE. quad-. 
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rant to the boundaries of the State, and thereafter south-westwardly 
from Wadilato Tukra and back to Midni along the inland roadway ;— 
leaving the }mile-broad strip of coastal land to be investigated upon a 
future occasion, 

At 2{ miles NE. by ENE. from Miini a sample of the Salt Marsh 
soil was taken, together with a number of semi-fossilised recent marine 
and freshwater shells of molluses ; and it was noticed that certain patches 


_ at this part, laid bare by the winds, consisted of rubbly lumps and slabs 


of consolidated shell-sand precisely simliar to that being formed at 


- present in favourable positions upon the beach of the open sea, and 


along the margins of the Meda Creek to the immediate east of 
Miani. 

After traversing the surface of the hardened alluvial mud of the 
marsh for some distance, a small bungalow was reached on the summit 
of a ridge of slightly amygdaloidal bedded lava, called Nagarari Dhar, 
33 miles NE, of Midni. This ridge of hog-backed hillocks runs practically 
eastward to the boundary of the State for ? mile, and being composed 
of medium-meshed reticularly-jointed lava, continuously sheds an 
abundance of tough angular shingle, which could economically be 
gathered and dumped down on to the newly-marked roadway which 
skirts the boundary line and continues for 1} miles SSE. to Wadiila. 
The new roadway from the N. of Nagarari Dhar, covers an almost per- 
fectly Hat rock-plain of the bedded-lava all the way along the boundary, 
until, upon approaching Wadila its surface is temporarily obscured by 
from 1 to 2 feet deposits of alluvium from the marsh. 

From Wadala the SSW. by SW. cart-road was followed en route 
for Tukra and the following noteworthy occurrences were duly recorded 
by the way. At a distance of about one mile from Wadala the fround 
by the side of a small stream was noticed to show signs of laterite : but, 
upon examination it was found to exhibit only a small accumulation 
of re-consolidated, coarse laterite-conglomerate, with indications of 


_ Tertiary and miliolite fragmentary inclusions, 


One mile farther along, or approximately 2 miles SSW. of Wadiala, 
a small red hill was encountered, from which samples were taken to 
show its structural peculiarities, The summit of the hillock was found 
to show slabs of a fossiliferous Tertiary limestone heavily stained to a 
deep brick-red colour, and associated with blocks of an evidently fora- 
miniferal limestone, likewise indued with lateritic stains to a deep purple- 
red hue. Underlying these, the rock consists of a very coarse brecciated 
laterite conglomerate, which, by metasomatism. exhibited patches and 
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segregation veins of a chalky-white material in subordinate quantities, 
PAL of which samples were secured for laboratory examination. 
ky a This lateritic formation was traced to extend in ridge-like hillocks 
tre for { mile in a NW. direction and 1} miles to the SE.; while, from the 
= ith latter portion, it spreads widely SW, for 1} miles right up to the village 
of Tukra. The whole of the country-side for a considerable distance 
around and about this ridge is ‘literally painted red ’ with the débris 
from these heights, although the laterite proper is nowhere prominently 
a exposed. There can be no room for doubt, however, that the true 
i: lateritic cap to the original hog-backed hillocks of bedded-lava, lies low 
: beneath the visible lateritic-conglomerate : which, from its fossil contents, 
- must be assigned, in its origin, to the Tertiary,—probably Pliocene, —Age. 
Evidence in support of the abovenoted conclusion is not wanting ; 
for upon proceeding barely } mile farther, or 54 furlongs NNE. by NE. 
from Tukra, a small hillock, forming part of another (non-lateritic) ridge, 
reveals a characteristic series of beds of Miocene and Post-Miocene 
“A (Dwarka) Age. The summit of the hillock is capped by thick slabs of a 
fi, pale, ruddy-buff calciferous sandstone or arenaceous limestone, azoic 
| above, but distinctly fossiliferous and conglomeratic below, Underlying 
this there is a zone of richly fossiliferous conglomerate, loosely textured, 
___ €arthy, and crowded with the fossilised shells of marine, Gaj, Mollusca. 
---—s' This bed lies conformably upon a. substratum of very yellow, broken 
“ blocks of limonitic limestone of the Pinddralite type, which in its turn 
ome appears to be deposited upon the bedded-lavas of the Deccan-trap. 
we On approaching Tukra, almost within a stone’s-throw of the village, 
_the hilly and undulating ground grows red with a widespread deposit 
of a compact, but somewhat coarse-textured laterite-conglomerate, 
composed of laterite pebbles cemented together by limonitic decom- 
mite, position products, the true nature of which remains to be revealed by 
| determinations under the microscope. This stone furnishes a distinct 
variety of laterite-conglomerate, which future blasting operations might 
“probably reveal in commercially workable quantities as a new kind of 
ornamental stone, and has therefore been registered under the name 
of “ Tukralite. ” 

From Tukra, the upper roadway to Midni, which runs north-west- 
wardly at a mean distance of } mile from the sea-shore, was followed, 
over ground covered for the most part with blown sand, The underlying 
rock, fitfully exposed, was, for the most part, found to consist of a sandy, 
indurated, limestone of probably Dwdarka Age, with occasional thin 
patches of milolite limestone. 


eee = 7 4 “1 a ; <u ‘ 
$s NARRATIVE REPORT =. sce 






































+ (a 













































































































Economic GEOLOGY OF PoRBANDAR STATE 


‘Midway, between Tukra and Midni, on approaching the village of 
Bhavpura, the erosion of a nala by the roadside, revealed the presence 
of a fairly thick bed of compact, but much decayed stone having all the 
outward appearances of a hard consolidated shell-sand ; but, when chipped, 
was discovered to disclose a vertically~lisposed tubular structure, strongly 
reminiscent of organic structure. Should this, upon microscopical 
examination, turn out to be part of an astrwan corallum, it would go 
far to prove the existence of a fringing coral-reef in closing Tertiary 
times. 

At Bhavpura, a well-shaft was inspected and found to show a super- 
ficial layer of whitish, but somewhat fissile, indurated, consolidated 
shell-sand, of but small commercial value, to the total thickness of 
five feet, resting, apparently without any intervening conglomerate 
upon several feet of thoroughly decomposed bedded-lava, in which rows 
of spheroidal nuclei could be detected, These nuclei when broken open 
were found to be completely altered into a seft, bluish-green earth. 

On the 2gth instant, it was decided to investigate the coastal ex- 
posures around and about Midni and all along the shore line as far as 
the village of Tukra. For this purpose it was found necessary to enlist 
the services of three men to carry tools and samples, and to make the 
traverse on foot, 

Proceeding for about 300 yards SE. by SSE. from the back of the 


' Durbargadh, to the top of the hillock there situated, it was found, that, 


resting upon a thick substratum of consolidated shell-sand of Dwarka 
Age, the hillock, extensively quarried to a maximum depth of 20 feet, 
consists of beds of compact, coarse and sandy limestone of a brown- 


_buff colour and inferior quality. Passing the Bandar and then north- 


ward along the strip of sandy shore at the base of the E. scarp of the 
Creek, the low cliff-like scarp was climbed to reach the site of the Level 
Datum Pillar of the Trigonometrical Survey, which is situated approxi- 
mately } mile NNW. of the Durbargadh Gate, : 

The deep deposit of miliolite quarried on the SE, hillock, was found 
to thin down rapidly in the direction of the Level Datum Pillar, which 
is erected upon beds of coarse, sandy and much honeycombed miliolite, 
varying from 3 to 6 feet in thickness and resting directly, without any 
intermediate conglomerate, upon a deep deposit of Tertiary (Dwarka) 
consolidated shell-sand, The miliolite lies like a low terrace upon the 
compact shell-sand which shelves down for about 100 yards westward 
to form a steep scarp or cliflet bordering the east bank of the Meda 
Creek. 
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Upon closer examination, the deposit of shell-sand, is found to vary 
from 10 to 14 feet in thickness ; and, although much decayed and crum- 
bly at the surface, is constituted by a compact, indurated material of a 
greyish white texture, which could be utilised, if in any other situation 
for building-blocks of an enduring character, The edge of the cliflet, 
running parallel with the creek shore moreover, was found, for the width 


of a few yards to be composed of a finely fibrous material, vertically - 


disposed, and presumably of organic origin, probably of the nature of a 
dead coral reef, similar in structure to the stone already noted as occurring 
on the surface in the neighbourhood of the small Village of 
Bhavpura. 

The strip of shore at the base of the cliflet, is covered in patches 
with fine sand, plentifully strewed with dead marine shells, principally 
oi the genera Ostrea, Cerithium, Cardium, Tellina and a few other estuar- 
ine and marine forms of life ; while the exposed floor, (beneath the sandy 
patches), and immediately underlying the scarped consolidated shell- 
sand, and manifestly’ forming its basal layers, is composed of false- 
bedded slabs of hardened shell-sand, full of inclusions of Gaj limonitic 
limestone, laterite pebbles and a few well-rolled fragments of basic 
volcanic lava. There can thus be little doubt that the consolidated 
Shell-sand, probably belonging to the Dwdarka Group of beds, here 
lies directly upon Miocene strata, which in their turn were deposited 
upon the laterite and bedded-lavas of the Deccan-trap. The clifets 
reach their maximum height about a furlong or so north of the Level 
Datum Pillar, to thereafter diminish and fall back inland to the north- 
east, where they finally vanish beneath the alluvium of the marsh. 

Travelling in the opposite direction seaward, to the south of Miami, 


’ it was found that the deeply quarried deposits of coarse miliolite already 


noted, are denuded down towards the sea-shore. where they are over- 
lapped by blown-sand, and a small proportion of alluvial drift to 
give birth to a small bight hemmed in by a narrow spit of sand where 
a few stunted mangroves struggle for a bare existence and numerous 
sea-fowl,—pelicans, flamingoes and others haunt the silting harbour. 
On the sheltered stretch bordering the bight, the fierce rays of the sun 
have baked the rough, corrugated, bared surface of the miliolite to a 
brick-red colour for the depth of an inch or so ; but a few hundred yards 
inland, or about 1} miles SSE. of the Level Datum Pillar, the thickly 
sand-covered miliolite rises to the height of 39 feet above the sea-level 
and, from a well-shait, sunk in the neighbourhood, shows thick, cancel- 
lated, obliquely-laminated, beds of coarse, sandy miliolite to a depth 
7 
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of more than 25 feet. This deposit of miliolite was found to slope down 
shorewards and to tail down irregularly inland in a SE. direction, more 
or less deeply covered with blown sand right up to and beyond the 
* Pahlia’ to the south of Tukra ;—a distance of fully 31 miles of dunes 
of fine utilisable sand, samples of which were secured for laboratory 
examination. ; : 

From Tukra, a drive ENE., was taken as far as the ruins of Hathiim 
Deri,—a distance of 3} miles, and the following geological observations 
were recorded :—It was found that the laterite-conglomerate which 
encroaches upon the northern moiety of the village, disseminates a 
drift of fine fragments, mostly of earthy hematitic ore, over the entire 
countryside, which, however, stops short of a small stream } mile ENE. 
of Tukra, where the shallow erosion shows an overlapping of much- 
broken pale-yellow, fossiliferous, Miocene limestone. 

Proceeding ENE., the ground rises to an undulating elevation, 
which is capped by a thin bed of compact dark-yellow limestone of the 
Pindiralite type, but too much broken and shattered to be of any cam- 
mercial consequence. This occurs about } mile ENE. of Tukra, after 
which the surface deposits continue to present an essentially Miocene 
facies, for fully 24 miles ENE. of Tukra, diversified at sundry places, by 
patches of rubbly, compact miliolite-conglomerate, full of fragments 
and pebbles of both Gaj limonitic-limestone and laterite, of all of which 
samples were taken for the State Geological Collection. 

The Miocene deposits continue to predominate right up te and 
beyond the Hathidni Temple ; but, at about { mile WSW. of the ruins, 
a very low and narrow ridge, about 200 yards wide and } mile in length 
protrudes, like an outlier of laterite, trending from W. to E., through — 
the overlapping limonitic limestone. 

It is just in such situations that one would expect the subsoil to 
become altered into greyish clayey deposits differentiated here and there 
by more or less limonitic layers, commonly known as the yellow-ochre 
of commerce ; and it was not therefore surprising to find a small exposure 
of very pale yellow-ochre on the SE. scarp of the Hathiini Vokala, } 
mile ESE. of the small village of Sakhpur. — 

‘From Sakhpur and the adjoining ruins of Hathidini Dera, the NW. 
by NNW. cart-track was followed, first, for a furlong or two over Giij, limo- 
nitic-limestone ground, and then upon an uninterrupted plain of bedded- 
lava, up to Wadiala, where, 4 mile SE. of the last-named place, the E. 
and W, bearings of a 30 feet wide dyke, pierced by a newly~iug well 
shaft were duly recorded for mapping. 
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50 many rumours were current about the occurrence of valuable 
deposits of gypsum in the neighbourhood of Miani, that a special search 
for the mineral, which had not hitherto been met with, was planned 
and carried out on the 30th instant. 

A drive was taken NE. by ENE. for a distance of 21 miles from 
Midni to the borders of the Salt Marsh, and thence over the drying, 
alluvial mud in the direction of Nagarari Dhar, where a halt was called, 
some { mile 5. by SSE. of the Bungalow on the last named hillock. Here 
‘ khodalis* were called into operation, and it was found, that for a depth 
of from a few inches down to a maximum of two feet, the alluvial de- 
posits yielded a fairly plentiful supply of ‘ fingers’ of incipient selenite, 
imbedded sub-vertically and more or less incorporated with mud, 

It appears that these deposits of gypsum, were discovered accident- 
ally while constructing a channel through the alluvium to divert the 
freshwater surface drainage (derived from the NE. uplands), from the 
incoming salt-water of the Meda Creek and estuary of the Wartu-delta 
on the W. and SW. This periodic mingling of the silt-bearing fresh- 
water with the brine, and their subsequent evaporation season by season 
would very naturally cause a deposition of hydrous sulphate of lime 
with clinging impurities into the sediment ; for it is well-known that the 
sypsum contained in sea-water begins to be precipitated as soon as 
37 per cent. of water is lost by evaporation, but that if the water becomes 
diluted before the point of saturation of common salt is reached, namely, 
when and after 93 per cent. of the water has been driven off : or, if the 
salt (sodium chloride) is dissolved away by the subsequent addition 
of fresh water,—the gypsum alone will be found to accumulate in the 
deposit. 

From the circumstances noted above it will be gathered that some 
such reaction takes place periodically over that area of the salt marsh, 
the central part of which has been indicated ; but the EYpsum, on account 
of its rapid accumulation and admixture with silt, is but of poor quality- 
although selenitic in variety, and doubtless well worth while being 
gathered for agricultural purposes. 

Returning to the margins of the marsh on its southern borders 
where the ground is not entirely obscured by alluvium, the base of the 
salt-marsh is revealed at places to consist of a pale-yellow fossiliferous 
limestone, of probably Dwirka-beds age, upon which there are evidences 
of a littoral formation and raised beoch bearing densely-crowded aggre- 
gates of fossil (Pleistocene) oyster-shells, underlying a thin denuded 
remnant of slabs of almost azoic arenaceous limestone :—the whole doubt- 
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less representing the final phases of the Dwarka group of beds of Newer 
Pliocene or Early Pleistocene Age. 
The pict ie collected and registered on the geological list are 


[29 miles NE. by ENE. of Midni. 
.|Same locality as 230, 


| gclarly)Nagarari Dhar. Low, hog-backed 
jinted shingle fa. lightly" amyg-| ridge. 3} miles NE. Mitini. 


owes ie Ll ppc Coarse}! mile SSW. . of fils, . 
and jl l. | side ond field ex- 


powures. 


Altered Bedded-lava. Pale dove--A fow yards beyond 245, eroded 
coloured by exposure, cte. by small nala. 


White, Decomposition Segrega-/2 miles SSW. of Waddla, on road 
tion in fissure of Laterite-cong-| to Tukra. 
26-12-15.) 2 Coarse Laterite-conglomerate . .|Same locality as 245, 


24-12-15.) | 


Limonitic (G4 ) Limestone Immediately underlying 251. 


*Tukralite " Laterite-Conglo-|200 NE. of 
| mersto wih G5] Matrix. | aati — 


Coralliferous Limestone. Evident-|1] miles NW. of Tukra, to 8. 
ly remnants of a Reef, is of Pak yparn, i 









High) y-altered Epeercktal Nuclei|10 ft. from surface in well-shaft 
of Bedded dave, | 25 yards SW of Bhivpura. =. 


Coarse, Sandy Miliolite, 20 ft. ../300 yards SE. by SSE. of Midni. 
Fine, Buil-brown sear tey $to|/Denuded base on surface of 
6ft. Much hone yeombed which Level Datum Pillar, —s 


Immediately underlying 255, 
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Coralliferous Limestone. Probably/Edge of 10 ft. Creek-scarp, also | 
Fringing-reef of 259, immediately below 25% ia 
ous Immediately underlying 259 and fee). 










Shell-Sand. Conglomeratic. 260 ot base of Creek- scarp, at 








‘Loose Shell-Sand of beach + -|Base of Creek-searp, Midni. a 
Honeycombed Miliolite, super-|1} miles 8. by SSE. of Midni, 900 oa * 
ficially sun baked to red. yards E. of Old Mandir, - 
Fine, Blown-sand, top of slope of|1} miles SSE, of Midni and 4 a 
| Dune. | mile SE. of Old Mandir, nee. 
om! mile ENE. of Tukra, 1 ft, scarp — es 

i¢ of small nala. : M 


mile ENE. a Eitri low ridge 
: Pindralite- 


-|Ploughed field, underlying 266, 





glomeratic and foasiliferous, 


Rubbly Miliolite-base  Conglo 
| merte, In patches, 










| Superticial, 1 mile ENE, of 
Tuk. 






Red, Lateritie-Soil  .. —_..| J mile WSW. of Hathidni Deri, 


Pale Yellow-Ochre, only locally|} mile ESE. of fog beg SE. i 
used by villagers, | scarp of Hathidni Vokala | ales 
| ie 


Biaok-tasalt of 30 ft. Dyke ..|Runs E. & W,, | mile SE, of 
| Wadala, 













. |Gypsum, sub-vertically deposited|{ mile 8, b SSE. of Bungalow. 
in top 6 to Sins, of Alluvium, i nile 8. by SSE of Bngalow. 


Gypecous Mud of Marsh .. —.. |Same site ag 272. ae 








274 | Fossil Lina Ovyster-bed of/2] miles WNW. of Wadiils, on 
Raised border of Salt-marsh, 


275 eet ey rsd ST ea 4 to Gin, slabs, aurfnce of 2 ft, 
scarp of Marsh, Overlying 274, 


276 |Arenoceous, Fossiliferous Lime-|Underlying 274. 
stone, 


DIGEST OF DIARY. 
January, 1016. 


™, N New Year's Day the camp was transferred from Midni to 
() Visdwara, and tents were pitched under the shade of a spreading 
Banyan Tree, (Fiews dengalensis), near by the historic * Mul 
Dwarka Derd’ or old Dwirka Temple, about 500 yards or so NE. of the 
town. 

To cover ground hitherto untraversed, a south-eastward course was 
taken for 1} miles, along the inland sub-coastal roadway skirting the 
eastern flank of the long, low, narrow, euphorbia-clad ridge, which, it 
will be remembered, was formerly, (on the 24th December, 1915), ob- 
served to be constituted by a thin deposit of coarse, sandy, honey- 
combed limestone, overlying the compact, consolidated shell-sand of the 

Dwarka Group of Beds. This narrow ridge was traced to rise from about 
- 3 furlongs ESE. of Miani, and to take a SE. crescentic bend for 1§ miles, 
to vanish thereafter under accumulations of blown-sand, at a mean 
distance of about one mile from the open sea-shore. 

On reaching the ruins of the ancient temple—Panch Derd,—14 miles 
SE. from Miani-Durbargadh,—which is said to have once been included 
within the town-limits of the port, in the heyday of its prosperity,—a 
well-shaft, adjoining the temple, was inspected and found to show, ac- 
cording to the testimony of the local farmer, a perennial supply of potable 
water ten feet deep, at a depth of only 15 feet from the surface. As far 
as could be made out, the geological structure of the ground showed a 
suriace deposit of coarse, false-bedded miliolite, overlying a few feet in 
thickness of Dwdrka shelly-limestone, resting directly upon decayed 
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_-—__-bedded-Java, through which a narrow dyke of basalt appears to have 
Bt been intruded from WSW. to ENE. ; | _ oe 
i | From Panch Dera, a cut across the open, cultivated countryside was an 
ug taken, mainly over bedded-lava soil mixed with calcareous débris from Bet 
aS the neighbouring miliolite and Tertiary limestone deposits, in a south- ee: 
as. eastward direction to a spot approximately one mile N. by NNW. of the ae; 
my village of Tukra. This traverse was instrumental in determining the te 
‘3 boundaries of the lateritic outcrops to the NW, of the last named village, ie 
| which were found to extend in ridge-like continuity, from a part 13 miles a 
NNE. of Tukra, for nearly 4 mile in a NW. direction ; while the drift > ih 
material from these low hog-backed elevations was spread so far and pee 
wide, as to convey the illusion of a much larger lateritic area than that . 2 re 
which actually exists. The lateritic outcrops in this particular region, a 
moreover, are not in reality constituted by the substance /afertte, as such ; ey 
that is to say of rock, im sifu, that has been altered by metachemic re- ee 
actions, principally through the agency of monsoon conditions ; but of aig 
sedimentary stone of the nature of laterite conglomerates, frequently “ae 
bearing organic remains, or entirely composed of miliolite or earlier i 
limestones that have become so highly charged with infiltrated laterite- a 
products as to have undergone a kind of pseudomorphosis into a material 
closely resembling true laterite to the naked eye. Under the micros- (ey 
cope, the precise nature and origin of these rocks, can, of course, be . 
instantly demonstrated. a 
K At rather less than one mile N. by NNW. of Tukra, the solid rockof = === 
e:= the bedded-lavas of the Deccan-Trap Series, is prominently exposed at Sa 
the surface to form the banks and bed of a deep stream running from E. © 
to W., and cut by a rough cart-track leading SSE. to Tukra. The ex- we 


posed bedded-lava at this site is of the nature of a closely amygdaloidal | a 
basalt, sunbaked to a deep brick-red colour superficially ; but does not = 


Br cater 


appear to be present in sufficient quantity to claim attention as a profit- | =o 
ably workable omamental stone. Das... 
te Taking the cart-track southward, across the abovementioned | 
¥ stream, towards the west of Tukra, another lateritic ridge is encountered - o 
{) about } mile NNW. of Tukra which is clearly in continuity with the AR 
| rock registered as No. 253, under the new name of Twhralite, which forms Bay’. 
a the surface of the rising grounds 200 yards NE. of the village ; but, ie 
Ao while the latter appears to be a medium-textured laterite-conglomerate ! 
a with its deep-red pebbles cemented together by a yellow limonitic matrix, =i 
3; | the bulk of the material, in the present instance, may appropriately ae 
Py be named a Pisolitic-laterile ; inasmuch as it is constituted by a composite Oe 
‘= ; * 
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‘Mass of pea-sized pellets of laterite, the precise nature of which can only 
be determined by microscopic examination of prepared thin sections of 
the substance ; but which may nevertheless be shrewdly guessed to be 
either of organic or concretionary origin, due to pseudomorphosis. 

Whatever the origin or nature of these rocks may be, there js every 
reason to expect, that when properly prospected by either core-drilling 
or blasting, a sufficient quantity of sound material in blocks of suitable 
dimens:ons would be available, and speedily find favour as ornamental 
stones of unique appearance, capable of being easily tooled to yield a 
novel variety of quaint wares, such as fancy vases, clock-cases, occasional 
table-tops and so forth. 

From Tukra, the south-eastern cart-road, running practically 
paralle] with the sea-coast about one mile inland, was taken to the town 
of Visdwdra, mainly over soil derived directly from limestones of the 
Dwwarka Series of Beds of probably Pliocene Age ; but, about t} miles 
NW. of Visiwira the underlying strata of Miocene Age commenced to 
appear at the surface ; and samples of a soft, pale-vellow, richly fossili- 
ferous or Gij limonitic-limestone were secured from a well-shaft there 
being sunk. : 

The specimens added to the State Geological Collection, were duly 
registered as follows :— : 


= - ae 


Provisional Name, Locality and Remarks. 


1-1-16,| 2 ida! Lava.|7 mile NNW, of Tukra on N. side 


'| Sunbaked to Brick-red Colour. | of Stream-ford. 
1-1-16.| 278 | Pisolitic Laterite .. -  ..|Ridge-hillock, | mile NNW. of 
Tuk. 


1-1-16.| Soft, Light-yellow, Fossiliferous)1} miles NW, of Vistwaéra. New 
Hs) 


_ | Gij Limestone. — | well-shaft, 
* I-1-16.} $ 3 ij Fossile. Molluser .. --| Same site as 279. 


Adjoining Mul Diwérka Derd, NE. of the Town. 


i) 
pra ALREADY RECORDED, the camp was duly installed at Visdwara 
! on New Year's Day, and the monthly accounts of the Depart- 
ment*having been prepared, were conveyed on the following day by the 
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Clerk to the Hazur Office at Porbandar. The Clerk returned to Camp 
on the 5th instant with bad news ; to the effect, that one of the wheels 
of the gharry was smashed to pieces by an accident due to exception- 
ally rough roads on the return journey, and that the vehicle had to 
be conveyed on a cart, back to Porbandar for repairs. 

In the interim, active work was carried on in the camp, by over- 
hauling the collection of specimens, trimming and securing chips for 
microscopical examination, and packing them securely for conveyance 
to headquarters ; and, as the gharry did not return duly repaired until 
the evening of the roth instant, it was resolved to carry on the work of 
surveying on foot, accompanied by a bullock-cart to carry the specimens 
collected. 

Accordingly, on the morning of the 7th instant, a bullock-cart was 
hired for the day’s work : and, with the help of three coolies, a traverse 
was made of the environs of Visawara, as follows -— 

A brief halt was called on the N. outskirts of the town where a high 
crescentic earth-dam serves to collect the surface drainage during the 
monsoon, to form a tolerably large reservoir or falav, which was found to 
still hold a sufficient quantity of water to attract numerous flocks of 
wild-ducks. The main drainage of the northern uplands, flows into this 
talav from the NE. by way of a small stream, the channel of which al- 
ready shows an accumulation of from 1 to 3 feet of alluvium obscuring 
beds of fossiliferous Gij, (Miocene), limonitic-limestone, continuous with 
the deposits already noticed at the surface 1} miles NW. of Vissdwiira. 

Immediately to the south of the talav dam, and practically forming 
the foundations of the town, the Tertiary deposits were found to be over- 
Jaid by an appreciable thickness of coarse, sandy, ruddy limestone, of but 
smal] commercial value, on account of its variable, much broken and 
slab-like character. The stone, however, has been largely utilised locally 
for cottages and walls, and was iound to thicken considerably towards 
the SW., 5. and SE. of the town, where several well-shafts revealed beds 
of solid but much honeycombed rock to a depth of about 1o feet, 

About 300 yards 5. by SSE. of Visdwdra the limestone is superficially 
and sometimes deeply exhibited to form a wide rock-plain supporting 
sturdy clumps of Ewphorbia nereifolia, and large slabs of the stone have 
here also been desultorily extracted for local use. 

Continuing southward for about 2} furlongs from Visdawara, the 
channel of a stream, running ESE. to WNW. to the head of Visdwira 
Creek, 4 mile SW. of the town, was examined and found to have left a 
marginal deposit or low terrace of consolidated river-gravel. Before 
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bending to join the Creek, however, the channel of the stream is always 
more or Jess filled with tidal water, and its re-entering angle and opposite 
bank show good exposures of false-bedded, very compact slabs of shelly- 
limestone, clearly belonging to the Dwarka Group of deposits, which bear 
marks of having been quarried on a small scale. These beds lie exposed, 
practically parallel with the sea-shore, at a distance of about 4} mile 
inland, in form of a low ridge which extends from 4 mile SW. of Visdwara, 
and runs*uninterruptedly for 1}? miles SE. along the NE. bank of the 
Creek, It is just possible that this stone might at some future date be 
turned to profitable account, since it is sufficiently compact and indurated 
to take a good polish and although seldom available in slabs of more than 
4 or 5 inches in thickness, might nevertheless be used for minor ommamen- 
tal purposes and for mantelpieces and table-tops under the designation 
of a “ Shell-sand Marble.” 

Evidence of the existence of a gigantic fringing reef of mainly 
astraan corals towards the close of the Tertiary or commencement of the 
Quaternary Era, forming a huge coral-zone belonging to the Dwirka 
Group of beds, is to be found in fine exposure towards the mouth of 
Visdwira Creek, at the surface of the W. scarp, where the denuded dead 
coral-rock, from 1 to 14 feet in thickness may be seen standing, in sifu, 
upon a base of from 2 to 3 feet of rubbly calcareous conglomerate.. This 
rubbly stratum passes below into beds of apparently azoic, arenaceous, 
compact slabs of limestone which form the bed of the creek. 

The coral-reef at this part, with its associated underlying beds, all 
manifestly belonging to the Dwirka Group, can be traced for a distance 
of over 500 yards seaward ; where the structure, facing the open sea, is 
capped for about a couple of hundred yards or so by other deposits. 
These latter were found to consist from below upwards of from 2 to 3 
feet of loosely-textured gravelly-rock, merging above into a rubbly and 
then compact, cancellated, light ruddy-brown limestone, some ro feet 
in thickness ; contributing with the subjacent coralliferous structures to 
form a sea-scarp of about 20 feet, covered by a thin layer of blown-sand. 
At the base of this scarp a wide stretch of fine-sand constitutes the slop-. 
ing seaward beach. Samples of this sand of which vast quantities, in 
uniform quality, are available, were taken for laboratory examin- 
ation. 

Turning inland in a NNW, direction for } mile, and about } mile W. 
of Visiwira, a couple of well-shafts were examined and found to reveal 
the continuation underground of the coral-reef, already noted as fringing 
the coast-line ; but the corals themselves had undergone considerable 
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calcification by reason of the infiltration and deposition of secondary 
calcite. The coral-rock, although sometimes employed for building pur- 
poses by villagers, cannot very well be classed,—as it is in southernmost 
India,—as a building-stone ; but it might nevertheless be utilised for 
burning into lime of a superior quality, such as is commonly used by 
natives for their pdn-supdri, 

Qn the roth instant, a second excursion was made on foot, with a 
bullock-cart and two coolies, to explore the coastal region constituted 
by the tongue of land lying between the sea-shore and the south-western - 
bank of Visiwira Creek, and stretching south-eastward to the northern 
confines of the village of Ratari, 

At about 500 yards E. of Visawara, a well-shaft was examined and 
found to show a water-level at the depth of 21 feet : the entire shaft 
being sunk through a highly ferruginous, rubbly and concretionary con- 
glomerate which evidently forms the base of the deposit of denuded rock 
upon which the town is built, and which doubtless rests upon strata of 
Tertiary Age. 

Proceeding over formerly traversed ground towards the mouth 
of Visdwdra Creek, the creek itself was crossed over by way of a ford,— 
now almost dry,—locally called ‘ Buldh Bari’, 63 furlongs 5. by SSE. of 
Visdwara. It was here observed that the succession of strata noted as 
occurring at the mouth of the creek are practically repeated on a 
slightly modified scale. The coral-reef rock was found to be attenuated 
and covered by a thin layer of gravelly stone at one part where the creek- 
scarp measured but a couple of feet deep ; while scarcely 500 yards farther 
NW., the ro feet of creek-scarp showed a replacement of the coral-reef 
rock by a thick deposit of false-bedded slabs of compact shelly and 
sandy limestone surmounted by from 3 to 5 feet of beds of loosely- 
textured consolidated gravelly stone ; which, together with the former, 
had been sparingly quarried for the erection of village dwellings, well- 
shaft linings and walls. 

Cutting across the abovenoted formations for } mile in a south- 
eastward direction to the sea-shore, about 14 miles 5. by SSE. of Visi- 
wira, a favourable exposure was described which exhibited the miliolite 
as a compact solid mass, of much honeycombed, coarse and sandy lime- 
stone in form of a vertical sea-ccarp from 6 to 7 feet high, resting directly 
upon beds of a very compact conglomerate largely composed of coral- 
rock and hard, shelly-limestone ; the latter being left bare for about ten 
yards, and then cut sharply down to form a second sea-scarp of 4 feet 

nocked at its base by the sandy beach, covered by high-tide. 
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Chas _ Large quantities of fine sea-sand are found to cover the lower terrace ,: 
° of the raised-beach now in the course of formation ; while the upper “S 
terrace, or surface of the mulohte, furnishes a temporary resting place 
" for accumulations of coarse shell-sand, Farther inland, all the rocks 7% 
| are obscured by blown sand held together nearest to the shore, in the . - 
% form of long, narrow, broken ndges by the strong network of rhizomes y 
| or underground creeping-stems of the beautiful purple-bloomed Jpomea = 
- biloba ; and a little farther inland, by hummocky dunes, resembling at a ee 
2h" distance the so-called glacial roches moutonnées, or the rounded backs $f 
Ly: of a vast flock of sheep, caused by the growth of clumps of Meltolropinm | E. 
Ly ovalifolion, H. indicum and sundry sedges -—notably Carex indica and ‘ 
: Cyperus rolundus, all of which serve in no small measure to prevent the : 
sand from drifting inland to ruin the adjoining agricultural areas, a 
; South-eastward of the geological section just described, right up to , 
a Ratan and beyond, the sand dunes obscure everything and slope gently ane 
\y down to vanish beneath the level of the sea ; and there can be no doubt ey 
he, that if excavated, the deeper layers of these dunes would be found conso- ¥ J 
i ’ lidating, if not already consolidated into more or less compact, utilisable . 
oe ' stone. This indeed is frequently foreshadowed by the partially consoli- 3 
7 dated exposures revealed by many of the deeper canén-like runnel- 
channels that serve to drain the dunes during the rainy-season. 
: Samples collected on the previous day were duly trimmed, registered = 
and packed as usual, on the rrth instant ; and the welcome gharry having 
: returned, properly repaired, a new traverse, under more favourable con- 
Ps ditions, was made on the following day to investigate the structure of the oe 
ee countryside to the N., NE, and E. of Visdwara. ey. 
Wale Following the N. by NNE. cart-road from Visdwdra over ground Ve 
ie sparingly encrusted with miliolite resting upon an equally slight sub- > 
cr >’ stratum of Dwirka-beds shelly limestone, the remains of a ruined Temple 
“ were found at a distance of 4 mile from the town, built upon an outcrop 
. of laterite, forming a small elevation of about roo yards in diameter. wl 
>. At this place the surface of the ground commenced to reveal the presence J 
; of the underlying Miocene beds by an outcrop, overlapping the laterite, 
vane _ of Gaj lmonitic-limestone of the Pindiiralite type, but much shattered ’ 
yt and so poorly developed as to be commercially worthless. Half-a-mile y 
ma farther on, in the same direction, slabs of false-bedded Dwdrka shelly- 
Eyl limestone were observed on the roadway to lie conformably upon the ia 
ny charactersstically yellow Gij limestone ;—the apparent dip of the beds a 
mS 4 being caused by their oblique lamination. This oblique lamination is iy 
: quite a common feature of the basement beds among the sedimentary im 
Bie 
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rocks of Tertiary and Post-Tertiary dates and apt to be very misleading, 
on account of the outcropping of the stone, sometimes over a large area, 
at a decided and seemingly constant angle. 

Continuing northward, a recently abandoned well-shaft was exa- 
mined, approximately 2} miles N. by NNE. of Visdwdra and showed 
from above+lownward, 3 to 4 feet of rubbly Gaj limestone subsoil, fol- 
lowed by ro feet of a brecciated laterite-conglomerate overlying 25 feet 
of much decomposed bedded-lava. No wonder that. the owner of the 
well complained that he had failed to reach the water-level |! On examin- 
ing the surroundings, it was discovered that the deeply-seated, decayed 
bedded-lava at the well-site gave place, a few hundred yards farther 
afield, to an exposure in the channel of a small runnel from the heights 
of the adjacent Anajio Dhar, of perfectly sound and undecayed amygda- 
oidal lava, and as the land belonged to him, the agriculturist was com- 
forted by the opinion that he would be sure to find the underground 
water-level at a reasonable depth,—1r5 to 30 feet,—by digging down upon 
the spot there indicated. 

Still farther north, or just about 24 miles N. by NNE. of Visawiira, 
Anijio Dhar, 132 feet above the sea-level, was found to cansist of a typi- 
cal, hog-backed Ii]] composed from base to summit of high-level laterite, 
or laterite formed in sti, through the transformation of a complete cap 
of bedded-lava, The E. slope of the hill was found to be encrusted with 
the undenuded remains of a deposit of miliolite-limestone, bearing numer- 
ous grains and fragments of laterite. 

From Anijio Dhir, a cut across ‘country, eastward, over ploughed 
fields was taken in the direction of Hathiani Dera, the soil being mani- 
festly derived directly from the disintegration of bedded-lavas ; and the 
journey was continued almost due E. in the direction of Morwira, also 
entirely over a region of bedded-lavas. 

About one mile W. by WSW. of Morwara, a well-shaft sunk to the 
depth of over jo feet, and abandoned after a fruitless attempt to reach 
the underground water-level was encountered by the roadside. Upon 
examination, it was found to have been dug through bedded-lavas 
exhibiting a curiously fissile structure, not often met with, so as to close- 
ly resemble the cleavages of a basaltic dyke. This familiar appearance 
must doubtless have misled the native agriculturist to select the site for 
his well-shaft under the mistaken expectation that he would soon secure 
a plentiful and perennial yield of water ;—and may be cited as a good 
example of the proverb that “a /i#le knowledge is a dangerous 
thing.” 
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Proceeding eastward to within 3 mile of Morwara, a sinuous turning 
SSW. was taken in the direction of Keseo, and it was observed that at 
a trifle over } mile SW. of Morwiira, the undulating hilly ground there- 
abouts marked the boundary, —trending, thenceward from Sakhpur 
village near Hathidni Deri,—of the Gaj limonitic-limestone deposits 
overlapping the bedded-lavas of the Deccan-trap. The Gaj limestone 
at this spot is of the nature of an outcrop of a thin band of broken stone 
of the Pinddralite type overlying an unknown thickness of fossiliferous 
conglomerate. 

The undulating downs thus formed through the overlapping of the 
bedded-lavas by the Tertiary or Gaj limonitic-limestone beds, gradually 
diminish and disappear on nearing the north end of Keseo, which stands 

upon an eminence of bedded-lava, but, upon descending the slope to the 
south of the village on the road to Palakra, 4 mile S. by SSW. of Keseo, 
a hillock, crowded with clumps of robust Euphorbia nereifolia, exhibits 
a cap of beds to the total thickness of 3 or 4 feet, in slabs of a coarse, 
russet-coloured limestone, precisely similar in texture and lithological 
characters, to the Dwirka-beds shelly-limestone, so frequently met with 
directly overlying beds of Gij, limonitic-limestone elsewhere. Large 
slabs of from 2 to 4 inches thick are available, and the hill-top is literally 
riddled with pits from which blocks are extracted for local use. 

A wide stretch of rough hilly ground composed of bedded-lavas, 
with occasional cappings and plenty of drift laterite, characterises the 
countryside between the Keseo hillock and P.ilakra ; but it is worthy of 
special notice in this place, that at 1 mile NE. of Pilakra a small 
hillock is formed for the most part of a brecciated laterite-conglomerate, 
which frequently exhitits patches of compact unweathered stone of 
surpassing beauty. Samples of these were secured ; but it would be 
premature to form any opinion as to the uniform occurrence of the mate-. 
rial in sufficient quantities for use as an ornamental stone without care- 
ful prospecting. 

Beyond the abovenoted hillock the ground is obscured by lateritic 
drift, with occasional revelations of a substratum of Tertiary deposits. 
The latter, however, become plainly apparent at a distance of 4 mile 
NNE. of Pilakra ; while the gentle slope leading to the village consists 
of a rock-plain thickly strewed with large fragments of fine, compact 
Gijlimonitic-limestone of the op a ala as which may also be worth 

while prospecting. 

On the way back from Pilakra WNW. to Visdwira, it was found 
that the Gaj, limonitic-limestone gets gradually covered by later Tertiary 





deposits beldnsing: to the Dwirka Group of beds ; until. at J mile SE. of 

Visdwira, a deep well-shaft shows the Gaj stone at a depth of 30 ft., as 

_ the water-bearing stratum, overlaid by 12 feet of rubbly conglomerate, 

8 feet of an indurated russet-coloured limestone (Dwirka), and 10 feet 
of subsoil and soil. 

The specimens collected and registered at Visiwira Camp, are as 

follows :— 


| Dee 3 
a Provisional Name, | Locality and Remarks, 
Lie = 


Russet-coloured, Indurated SlabsINNW. end of Visiwira, Over- 
of Limestone, lapped by Alluvium af Tulav, 


Coarse, tena ac Si Gritty | 30 yds. &. by SSE. of town of 
Buff-brown Limeston Visiwira, 


Consolidated River-sand and)N, bank of Vokala, } mile due 5. 
Gravel. of Vistiwira, 


Compact Consolidated Shell-sand, } mile SW. of Visiwara and 4 
Has been slightly quarried.) mile N. of Creek-mouth, Runs 
Large exposure available. NW. to SE. in good exposure, 


Coral-reef Rock, (Astrman)./§ mile SSW, of —. W. scarp 
igh nc thentirsece l to 3 ft. | of Creek-mou 
ok. 


7-1-16.| 286 |Coral-rock, (recaleified). Near top| m. W. of Visiwira, and 3m, 
| of well-shaft. Inne. Ee 4 * 


7-1-16.) 287 |Rubbly Coral-rock. .-|[mmediately underlying 280, 
T-1-16.) 288 |Arenaceous Dwirka Limestone . .| [immediately underlying 287. 


| 
T=1-16.] | Coarse, Loosely- textured, Gra-|2 to 3 ft. thick, Immediate] 
yelly Sand. overlying 286, : 


7-1-16.) 200 [Rubbly, np -ruddy}10 ft. thick, Sree 289, and 
Limestone forming Creek-scarp facta: 


7-11-16. | |Indurated, Sandy, Ruddy,jl5 ft. sea-scearp. Ov + POO. 
Honeycombed Limestone. itis an 2 
7-1-16.| 292 (Fine, Sea-beach Sand, in large, yds, wide Beach at af 
uniform quantities. | Sea-scarp 291. = ee 


10-1-16.| 293 |Highly-fermzinous, Rubbly,Con-|Surface and 20 ft. deep, 600 yds. 
cretionary, Conglomerate. E, of Visiwira. 


10-1-16.| 294 |Coral-reef Conglomerste. Zonelf m. 8. by SSE. of Visdwem. 
of Consolidated Shell-cand, | ssi. 2ft. scarp of Creek, 





Immediately overlying 
a thin superficial crust. 


ompact, Consolidated Shell- SSW. 6 ft, scarp of Creek, 7? m. 
sand, Same zone as 204. False-| 8. by SSE. of Visiwira, 
bedded. 


10-1-16.| 297 (Loosely-textured,  Consolidated|Overlying 296. Quarried 3 to 4 
Gravel. Eame zone as 205, ft. for village dwellings. 


10-1-16.| 208 [Co se Conglomerate. Same/4 ft. Sea-scarp. | 
a de anf oa of Visiiwira, bbw gh tie 


Coarse, Loose, Blown Shell-sand. Overlying, fora few yards, No. 299. 
1 to 2 ft. deep. 


Gaj, Limonitic-limestone. . : a m. N. by NNE. of Visiwira, 


Coarse, Shelly-limestone. Over-|l m. N. by NNE. of Visliwira, 
iving Gaj Limestone. | Surface of Roadway. 


Altered, (laterised), Gaij Lime-/2} m. N. by NNE. of Visiwirm. 
stone-conglomerate, | I0ft. below surface of well-ahaft. 


Laterite, Partly altered by Cal-Eummit of gt per Dhar, 34 mm, 
careous Infiltrations. iN. by NNE. 


Miliolite-limestone, with contain-|E. slope of Bag Dhiir, deposi- 
ed fragments of Laterite. ted on 


12-1-16,| 306 |Fissile Bedded-lava, il m, W. by WSW, of Morwéra. 


12-1-16.| | Ruddy, Indurated, perp enecaa iar a Hillock, | m, 5, by 
| (Dwirks), Slots, 1 to Zins. | 55 pp ag 


12-1-16.| 308. [Breceinted Laterite-conglomerate,Small Hillock, 17 m. NE. of 
with miliolitic matrix. Pailakm. Ornamental, if enough. 


12-1-16. | |Gaj, Limonitic-limestone. Super-Elope of Hillock, m. NNE, and 
Gas broken blocks. surroundings “ie balakrs 
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N. Outskirts of the Village. 
-T 8 am. on the 14th instant, tents were struck at Visiwira, and 
the camp was removed to Katela, and pitched by the side of a 
Dharamsala on the N. outskirts of the village, which is situated 
about 2 mile distant from the sea-shore. 
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The journey from Visawira to Kiitela was planned to cover as 
much untraversed ground as possible by a rapid run south-eastwardly 
to Palakra and from thence ESE. for 1§ miles to meet the cart-road 
leading from Morwara, SSW. to Ritari. On reaching Rdtari, a course 
SE. by ESE. was followed wd Bardia to Sirinagar, and thence S. to 
Kitela. 

Observations by the way, were made at Palakra as follows :-—The 
Gaj, limonitic-limestone which was formerly noted to cover the surface 
surrounding the NW. of the village, was traced to tail down south- 
eastwardly for about } mile; but the ground immediately to the. 5. 
thereof, or ESE. of Pilakra village was found to be largely lateritic. 
samples were taken and well-shafts examined 200 and 300 yards ESE. 
of Pdlakra to show a superficial deposit of thick slabs of miliolite-base 
conglomerate, crowded with fragments of laterite and Gaj-limestone, 
overlying a deep layer of laterite-conglomerate, resting upon beds of 
Gij-limestone, at a depth of 30 feet, coincident with the underground 
water-level. 

During the traverse from Keseo to Pdlakra on the 12th instant 
a glimpse of gleaming yellow in the distance, about } mile to the SE., 
was obtained ; presumably occasioned by exposures onthe scarp of a 
small stream, indicating the presence thereabouts of yellow-ochre ; 
which, from former experience clsewhere, was noted to occur in best 
development in the upper portions of Tertiary subsoil overlapping 
formations of laterite. It was therefore anticipated that yellow-ochre 
of good quality and in quantities sufficient for commercial] purposes 
would probably be found eastward of Palakra. | 

On reaching a spot about one mile E. by ESE. of Palakra, the ground 
was carefully examined in a north-westerly direction, for half-a-mile, 
up to the banks of the yellow-scarped stream abovenoted, An 
abandoned well-shaft was found, sunk to a depth of 15 feet through 
soil merging below into greyish clay followed by an unascertained thici:- 
ness of bright yellow-ochre of excellent quality. Up to the present 
this material lies hidden beneath a wide area of cultivated land, and 
has not hitherto been utilised in any way; although similar material 
elsewhere has been exploited and exported to the Bombay market. 

It may here be explained that the material found near Padlakra 
tallies precisely with the yellow-ochre of commerce in consisting of an 

excessively fine-textured marl, richly indued with limonite or hydrate 
of iron, in a pulverulent or friable condition. Large lumps of the mate- 
rial capable of being easily crushed into an impalpable powder of a 
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bright-yellow verging on orange colour, are available ; and, from the a. 
indications already observed, it appears probable that a very consi- iv 
derable quantity exists immediately below the superficial layers of soil 

and subsoil ; so that it would be worth while estimating the exact extent 

of the formation by the employment of a prospector’s core-extracting 
boring-drill. 

Yellow-ochre is much esteemed both locally and in Peninsular- 
India, as a basis for cheap distempers and paints, and is also largely in 
demand by colour manufacturers for the production, by calcination, 
of the popular pigment technically termed ‘light-red.’ It was noticed 
that the large lumps of the substance, excavated from the well-shaft 
near Palakra and left lying exposed to the fierce rays of the sun, were 
much mottled and superficially streaked with patches and bands of 
light-red. 

Ata distance of 1} miles E. by ESE. of Palakra, the countryside 
again assumes the aspect of a barren plain with sporadic patches of 
cultivated ground thickly strewed with fragments of laterite-conglo- 
merate and pisolitic-laterite, and these were traced to a hog-backed 
ridge, 5 furlongs in length, trending from N. to S. and rising toa summit, 
57 feet above the sea-level, a trifle over 1} miles E. of Palakra. 

On reaching the pdhlia 14 miles E. by ESE. of Palakra, a turing 
SSW. was taken along the cart-road leading to Rdtari, and here the 
canal from the Ger or Great Freshwater Marsh, about a mile farther 
NNE,, was examined and found to show a bed of coarse slabs of gritty- 
limestone, This canal eventually discharges the surplus monsoon 
water on to a drainage slope, leading into the upper reaches of the 
Visawara Creek, nearly 4 mile N. of Ratari. 

Ratari itself is built upon a foundation of limestone belonging to 
the Dwirka Group of beds, which overlie the Gaj, or Miocene deposits 
conformably, and which were probably formed continuously during the 
Pliocene period and even after, These rocks were found, with occasional 
crusts of Pleistocene or Sub-recent miliolite to predominate all the way 
along the inland roadway from Ratari via Bardia, up to the confines of 
Sirinagar ; but were pierced through apparently, by sundry outliers or 
ridge-tops of laterite ; notably by a small] eminence, rich in separations 
of iron-ore, which trends from NNW. to SSE. 500 yards W. of Bardia, 
and another similar outcrop about 4 mile NNW. of Sirimagar. 

At Sirinagar, a compact, slabby and much cancellated Dwirka 
limestone, quarried superficially on the WNW. side of the village was 
cursorily examined ; but, as it was growing late, a rapid drive was taken 
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‘southward, for a mile, to expedite the pitching of the camp at 
Katela. AY 

_ Additions made to the State Geological Collection were’ registered 
as follows :— 


Provisional Name. Locality and Remarks, 


Laterite-G4j-Miliolite Conglome-|Surface-rock. Roadway, 200 yde. 
rate. ESE. of Palakra. 


Miliolite- base Fo egareriag With/Surface-rock, 3 to 4 ft. of slabs, 
Laterite and Gaj pebbles, eto, 1) yda, ESE. of Palakra, 


14-1-16 Laterite-conglomerate, with limy|Underlying 311 in well-shaft 
infiltrations from Miliolite. 10 ft, from surface. 


14-I-16 | 313 | Yellow-ochre, from well-shaft, ../1 mile E. by ESE. of Palakra. 


141-16 | 314 |Pisolitic Laterite. Compact oma-| Ridge NNW, to SSE., 1} miles F. 
mental stone, if enough | of PAlskra, 


‘14-1-16 |'315 [Gritty Limestone (Dwdrka #) «(1 mile NE. of Ratari, Bed of Canal. 

14-1-16 | 316 |Laterite. Fairly rich in Iron-ore. . 500 yda, W. of Bardia. 
141-16 | |Pale-yellow Limestone. Dwirkal100 yds, ESE. of Bardia, Slope 
| tha ¥ of hillock, ) 


Group of Beds 


141-16 Russet, Indurated, Cancellated|50 yds, WNW. of Sirinagar, Stone 
Limestone, Dwarka Group, on which village stands, 


Having completed the trimming, registration and packing of speci- 
mens, a Visit was paid to Patel Natuu HaAjA's wart and a new  well- 
shaft being sunk in his grounds on the afternoon of the 1 5th instant. 
The Patel (of Katela) provided a bullock-cart for the short journey, 
14 miles E. by ENE. from the village; and it was noticed that the 
ground for fully } mile was covered by thick slabs of coarse miliolite, 
which extended eastward over the State Jungle-reserve there situated, 
but was denuded down to nil northwardly, where the underlying 
strata eventually became exposed on nearing the site of the well-shaft, 
This well-shaft, now being enlarged, showed a rubbly and earthly, limy | 
conglomerate of a somewhat concretionary character to a depth, from 
the surface of 15 feet, overlying a russet, indurated and cancellated 
limestone reaching down to the water-level at 4o feet. ; 
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DAYA Lacputr, the Awnbhar of Katela, having drawn attention 
to the unusual excellence of his earthenware, accompanied the writer 
on the follawing morming, the 16th instant, to Sirinagar, to point out 
the site from which he was in the habit of digging out his supplies of 
clay. This led to a careful observation of the northern surroundings 
of the village, where it was found that the upland surface drainage from 
the great Ger or Freshwater Marsh, a couple of miles to the N. and NE., 
collects to form & small stream running towards the NE. of Sirinagar, 
to be dammed up on the NW. side of the village to form a falav or reser- 
voir. The bed of this talav and its N. and E. surroundings, show inter- 
esting outcrops of Gaj, limonitic-limestone of the Pindiralite type, 
but in fragmentary beds, overlying a deep deposit of Gij conglomerate, 
which is particularly rich in typical Miocene Mollusca, and from which 
a few fossil shells, cluding the internal cast of a large specimen of 
Strombus gigas, were secured. 

Alluvial clay, freely incorporated with dissociated grains of Gaj 
limonitic limestone to constitute a kind of dark-grey, plastic marl, is 
deposited year by year upon the bed of the affluent to the falayv; and, 
when drying after the monsoon, forms a deep layer of potter’s-clay, 
which is accounted to yield the best quality of material, on the low, 
southern scarp of the stream, at the NE. end of the village of Sirinagar. 

Towards the NW, dammed border of the falav, about 200 yards 
N. by NNW. of Sirinagar, the russet-coloured, coarse and cancellated 
limestone, which was noted to be slightly quarried WNW. adjoining 
the village, is found to thin down into slabs, the lower beds of which 
are crowded with fossil shells of probably Miocene age ; but the litho- 
logical characters of the stone differ so markedly from the immediately 
underlying beds of Gaj limonitic-limestone and its substratum of 
fossiliferous rubbly-conglomerate, that these beds, which, to the naked- 
eye, and even under the microscope, are closely similar to the much 
later deposits of miliolite, must be assigned to the Dwiarka Group of 
beds :—Upper Miocene, Pliocene and probably Early Pleistocene. 

At the N. end of the Sirimagar falav, a very old well-shaft was 
examined, and found to contain a puddle of water at a depth of 35 feet, 
issuing from clefts in a hard laterite, which is manifestly overlapped 
by the. Tertiary deposits of the Gdj Group of beds noticed 
above. 

On returning to Katela betimes, the opportunity was taken to 
investigate the geological structure of the coastal land lying between 
the village and the sea-shore ;—a distance of about 61 furlongs. It 
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was ascertained that the sea at low-tide reveals the presence of a very 
rough, gritty-conglomerate in which numerous shells of recent mollusca 
lie imbedded ; and that this fast-forming selvage of rising-beach is 
covered on the shore-side by about 50 yards or so of sand, blown up 
inJand into flat-topped ridge-like dunes, held together by growths of 
Ipomaa biloba for 100 feet or more ; a low plain of consolidated sand 
thereafter intervenes, for about 200 yards, and is followed by a succession 
of Ingher dunes, held together by clumps of Heliotropium ovalifolinm 
and a few sedges and grasses in the form of a number of closely crowded 
small mounds. These larger inland dunes of blown-sand slope down 
gently for 500 yards or more to the lower level of the cultivated helds, 
yielding good crops of carrots, brinjals and a few other vegetables -— 
as the natives do not appear to be ambitious enough to excel as market 
gardeners. Approaching the village there is a long, low, narrow-ridge, 
only roo yards wide, of hard, gritty limestone, which was traced to 
extend from the S$. of Ratari, past Katela, right up to Kunchri and 
beyond that village for fully r4 miles. The true nature of the stone 
forming theridge, remains to be revealed by microscopical in Vestiga- 
tion; but it does not appear to be of any commercial value. 

shortly after dawn of day on the 17th instant, after perambulating 
the purlieus of Katela on its southern seaward side, a traverse was made 
to Kunchri and north-eastward to the southern limits of the great Ger 
or Freshwater Marsh, and from thence westward and then southward to 
Sirinagar and back to camp at Katela, thereby covering a large tract 
of new ground. 

Observations made at intervals on the way from Katela SE. by 
SSE. to Kunchri, showed a superficial deposition of stone and sand, 
essentially similar to that already recorded with reference to the sea- 
board at Katela, For example, on reaching the ancient pile, called 
Khimeshwar Dera, it was noticed that the sand-dunes slope to the very 
edge of the sea, covering a rough littoral of forming conglomerate - 
but that the blown-sand is here almost entirely . held together, by 
clumps of Helotropium, Cyperus, Carex and a few grasses -—the 
beautiful creeping Jpomea being * conspicuous by its absence,’ 

Passing ESE. from Khimesiwar Derd to the 5S, side of Kunchri, 
the long, low, narrow ridge of gritty limestone or shell-sand,° was crossed 
about 200 yards SSW. of the large village, and it was found that the 
rock underlying this, and which outcrops on the E, and NE. of the village 
beyond the confines of the salt-water inlet there situated, consists of a 
finely textured, white to buff and sometimes ruddy, apparently azoic, 
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renaceous limestone, which corresponds closely to the stone that 
Se reAlatety underlies the coral-reef rock and shelly limestones of 
Visdwara Creek-mouth, and may therefore be taken as its equivalent 
in this situation, . | 

Locally called “Kunchri-stone,” large slabs of the material, (which 
is almost shaly in structure, and therefore of but small commercial 
value), are dug out from the shallow deposits, obscured by a coating 
of alluvium, for local use ;—notably on the causeway spanning the 
inlet on the NE. of Kunchn, Passing by these superficial excavations 
of Dwarka-beds limestone, the traverse was continued NNE, to Reni- 
wira and beyond, right up to the flat alluvial plains bordering the 
southern limits of the great Ger. Here, the westward road from Simini 
was followed for over 34 miles, in the direction of Pilakra, over flat 
“fields of alluvium, sometimes thickly strewed with drift atone of a mis- 
cellaneous character, 

At 1} miles ESE. of Palakra, the SSE. cart-road was taken, for a 
couple of miles, to Sirinagar, over ground constituted for the most part 
of soil and stone derived from underlying limestones of the Dwirka 
Group of beds. Through these beds, at about } mile N. by NNW. oi 
Sirinagar, a narrow ridge of about one furlong in Jength, and trending 
approximately from NNW. by NW., to SSE. by SE., protrudes, and 
manifestly consists of a cap of high-level laterite, bearing a deposit of 
Jaterite-conglomerate at its summit. There can be no doubt, that the 
laterite found at the bottom of the Sirinagar-talav well-shaft, is part 
and parcel of this formation, 

On the roth instant a drive was taken to the PATEL oF KATELA’S 
garden, where a few of his fmends had assembled to take tea; and the 
pany were led by K. 8S. Sarvsrngyi of Sirinagar, through his own 
gardens and felds, to inspect a new well-shaft, } mile SE. of Sirinagar. 
Fie it was found that a somewhat rubbly russet-coloured limestone 
presumably of Dwirka-beds age, to a depth of 15 feet, was followed by 
an indurated-limestone conglomerate down to a depth of 30 feet and the 
underground water-level. On the return journey to Kitela, it was 
observed that the deposits abovenoted, which appear to belong to the 
last-formed of the Dwirka Group of beds, are covered south-westward 
by thick slabs of coarse miliolite-limestone. 

It was decided on the 21st instant to remove the camp to Degim 
as the next centre of operations, and the journey there from Katela 
was accordingly planned to cover as much untraversed ground as 
possible. To that end, the cart-road inland, was followed SE. a little 
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beyond the site of Khimeshwar Temple, which had previously been 

examined ;—on the 17th imstant. 

Upon this occasion it was noticed that a line of pits were being 
excavated about } mile SSE. of Khimeshwar Temple, and somewhat 
less than that distance from the sea-shore. These shallow pits were 
found, upon being followed up, to border the coast-line almost con- 
tinuously, for a distance of more than 3} miles in the direction of Por- 
bandar-City, and to be desultorily worked at irregular intervals. At 
the Khimeshwar Deri end, solid blocks of stone are yielded at a depth 
of 10 feet from the surface, and are sold at the pit-mouth for Rs. 3 per 
hundred blocks, each roughly measuring 14 by 9 by 6 inches. The 
stone is a sub-recent, consolidated, shell-sand of loose and very porous 
texture ; but sufficiently strong to be found useful for the building of 
cottages and other small native dwelling-houses. At Khari Khin 
near Khimeshwar and Kunchri, it is of a white colour, and seen to be 
composed principally of the comminuted shells of recent molluscs 
and other marine forms of life; but at other places, the stone 
grows brown or grey by the oxidation of an excess of iron which it 
contaims. 

Cuttings through the low dunes at Khari Khin, } mile W. of Kunchri 
serve to demonstrate the true nature and origin of these formations at 
a glance. For a depth of about ro feet from the surface of the blown 
shell-sand the pit-backs show admirable sections revealing the percolation 
of carbonated waters through the compacted sand in form of an elongated 
meshwork of cracks filled with segregations of comminuted marine 
shells, bound loosely and then more closely together with secondary 
lime, These combine to produce a vertically elongated reticulum of 
white stone, the meshes of which grow shorter and broader from above- 
downwards to a depth of ro feet, after which the stony meshwork 
coalesces to form a solid mass of beds to a total depth of five feet or so. 
These beds vary from 6 to 9 inches in thickness, and probably originate 
by reason of successive breaks in accretion from season to season. The 
interspaces between the meshes of the upper parts is filled with only 
partially coherent shell-sand of a brownish colour, bearing numerous 
shells, principally of recent molluses, and the entire formation, thus 
clearly shown to be sub-gerial, rests upon, or rather overlaps the fast- 
forming coarse, littoral-conglomerate seawards, and the shelly and 
other limestone beds of the Dwiirka Group inland. The recent rocks 
of the coast-line at this part, are therefore of a two-fold nature :—littoral 
and sub-aerial in origin, and both of these overlap the much older formed 
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Cxx Ecoxomic GEOLOGY OF PoRBANDAR STATE 


and weather-worn beds of the Dwirka Group ;—Pliocene to Pleistocene - 


of the European Geologica] Record. 

Although the extensive excavations bordering the sea-shore from 
Kunchri practically right up to Porbandar-City are nowhere deep enough 
to reveal exposures of the strata underlying these sub-aerial accu- 
mulations, there are fortunately a few well-shafts in the neighbourhood, 
where the superposition of the beds can be clearly distinguished. One 
of these, now being sunk, 2 miles WSW. of Bokhira, was examined and 
found to show a surface deposit, 6 feet thick of the sub-recent consoli- 
dated shell-sand, of a brownish-grey colour, but in all other respects 
similar to the Khari Khan white stone, overlying Dwarka Group beds of 
a compact, ruddy and somewhat splintery, apparently azoic limestone -— 
comparable to that occurring on the FE, and NE. of Kunchri, at the suriace. 

After traversing the western borders of the marine backwater 
and passing to the east side of Kunchri, the upper ENE. cart-road was 
followed to Degim. The track very soon became excessively rough 
and rutty, by reason of the outcrop of false-bedded, apparently azoic- 
sandy limestones, varying in colour from white, to pink and yellowish 
brown. About } mile W. of Degdm the surface of the ground is every- 
where trenched to depths of from two to ten feet, and huge slabs of stone 
extracted and trimmed into building blocks, which are said to be in 
constant demand for the foundations of dwellings. The blocks fre- 
quently measure 12 feet in thickness ; but these are invariably consti- 
tuted by layers barely exceeding an inch in thickness, more or less firmly 
held together by a coarse often highly ferruginous material, along which 
the blocks are always prone to split. When moderately sound blocks 
are laid with their lamina: horizontally disposed, however, the stone is 
accounted to be exceptionally strong and capable of withstanding 
enormous crushing power, Unfortunately, it is too coarse and variable 
in texture to be used for front elevations of urban buildings, and would 
not therefore realise prices to justify exportation to large centres of 
distribution, 

Immediately underlying the deposits of Degam-stone, which is 
practically continuous with the essentially similar Kunchri-stone, both 
of which belong to the same uppermost beds of the Dwarka Group, 
there lies a deep but very variable deposit of richly fossiliferous conglo- 
merate, which doubtless represents the base of the abovenoted 
and presents a Pliocene if not Post-Pliocene facies, Samples of stone 
from these beds were obtained from the bottom of a 30 feet deep well- 
shaft, } mile W, of Degam, 
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A] 


No, | 


SC 


15-1-16, 


1d-1-16, 


16-1-16, 

| 
16-1-16, 
16-1-16. 


10-1-16, | 


17-11-16. 
17-1-16. 


#21) 


J21 


322 


Sas 


J24 


17-1-16.| 3 


17-1-16, 


17-1-16.,| 


17-1-16. 


17-1-16,, 
17-1-10.. 


11-16. 


G._ 336 _|Sandy-limestone. In alabe._ 


5 |Sandy-limestone, 


Compact, Shelly-limestone, 


Can. Well-shaft surface, Patel Nathu — 
Hajis Was. 1} miles E. by 
ENE. of Katels. 


7, Indumted and 
cellated Limestone, (Dwdrka). 
Earthy, Conglomeratic-base. 


tusset, Compact, Cancellated Same locality aa 319, but from 
Limestone, similar to 318, 15 to 40 ft. below surface 


Extm-good Potter's Clay, Allu-Surface pits, searp of ndli. NE, 
vium and Gaj Soil mingled. side of Sirinagar village. 


Shelly-limestone, Shaloid Slabs.|NW. edge of Talay, 200 yds, from 
Lower part of 318. Sirinagar village. 


ot Limonitic-limestone, Full of fame underlying 322. 
fossils ;—Stramius, ete. 


Laterite. Bottom of 35 ft. well-In Talay. Underlying 323. 


(Gritty, False-bedded Limestone ,|500 yards SW, of Kitela, 
426 


.-/200 yards SSW. of Kunebri. 
Compact Limestone in Slabs.|] mile NNE. of Kunehri, Under- 
Saber ees See | ving thin Alluvium. 
Gravelly: ea sha 11 miles NNE. of Kunchri. 
Posed by croston of nala. 
Compact Shelly-limestone, ro 


Breceiated, Limy-conglomerate, 2 
to 3 feet ‘deep. 
mpact Limestone, 

labs, (Dwarka). 


race of well-shaft, 500 yards 
by SSE. of Rendwara, 


| 

In thin)|Same gite as 330. 4 to 10 ft. from 
~~ gurface, 

.. {Underlying 331. 


Con-|Underlying 332, 25 ft. bottam of 
well-shaft. 100 yards SSE. of 


ie 


5. 


Gaj, Limonitiec-limestone, 
taining curious (fosail)? 
‘stroctures, 


Laterite-conglomerate, Compact,|Narrow hillock, ] mile N. 
omamental, if enough. NRW. of Sivinager. " 


Cancellated.'300 yards SSW. of Katela and 
6 mille long, low Coastal ridge ae mile from See.shore 


..(} mile ENE, of Kiitela. 
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19-1-16 | 337) (Rubbly, Russet Limestone. Sor-/New well-shaft of K, 8. Shiv- 
| face. 15 ft, deep. | sinhji. } mile SE, of Sirinagar. 


11-16 } Indurated Limestone from Rub- Underlying 337 at depth of 30 ft. 
bly Conglomerate. (Dwwirka). | water-level. 


21-1-16 | 339 (Sub-recent Consolidated Shell-|Khari Khan, } mile W.of Kunchri. 
* sand, 10 to 15 ft. deep, 


21-1-16 | ; ially € ' l-Saperticial and inter-reticeular 


21-1-16 | : Fossils from &hell-eand, .. .. (Same site as 399, 340, 
21-1-16 | 342 |Compact Shelly-limestone, .Overlapped inland by 339, 


21-1-16 | 343 [Consolidated Shell-sand. Loosely! milos WSW. of Rokhira. 6 ft. 
textured, Sub-recent, thick. Surface of well-ahaft, 


21-1-16| 344 |Compact, Spliatery Limestono ..|Overlapped by 343. 


21-1-16 | 345 |Compact, White Limestone, Sur-|1} miles ik of Deg. On 
face, Fulse-bedded Slabs, roadside, | 


‘21-1-16 | 346 |Compact, White Limestone. Git.) ‘tae W. of Degim. Largely 
deep. Surface Slabs. uarried, 


~~ aU + r 
" why 


21-1-16 | 347 Richly Fossiliferous( Dwarka)Lime-Well-shaft bottom, 30 ft. } mile | 


stone. Underl¥ing 346,  W. of Dezim, 


E. side of the Town. 
ies arrival at Degdm, considerable difficulty was experienced 


before tents were pitched ; as the expert “Pharas” or tentman who 


had been attached to the camp was withdrawn, and substituted by 
another who did not understand his work satisfactorily. It was 
therefore dark before things could be got into good order, and the best 
part of the day following—the 22nd instant,—was taken up with 
minor matters ; so that there was just barely time enough in which to 
pay a visit to the salt-pans of the State, 1} miles to the NW. of 
Bokhira. 

Covering an area of about } mile in length by 1} furlongs wide 
at its broadest part, the State salt-pans are conveniently situated on 
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the barren, flat border of the backwater or salt-water waste, which has 2 
; es its inlet at Porbandar Creek and broadens out north-westward to termi- a: 
we nate in a shallow swamp to the north-east of Kunchn. Porbandar Creek 
itself, swerves round the City south-eastward to eventually join the vast wo 
depression known as the Great Salt-waste, which stretches far and Ls 
wide south-eastwardly to Navibandar and beyond. | 
a Alluvial deposits obscure the bed of the backwater in the region | an 
mh of the salt-pans; but, from observations of outcrops on the roadway 5 
north-westward from Bokhira, it is at least certain that the underlying Kc 
strata belong to the Dwarka Group of beds, equivalent with those that 
stretch NW. to the confines of Kunchri and N. to Degdm. The salt- 
pans are projected after the fashion of native wheat-fields, into a number ‘i 
of rectangular beds or shallow tanks, divided by channelled mud-banks = = 
or aqueducts ; and the brine from the backwater is collected at high- - 
tide into a well-shaft or reservoir adjoining, from whence it is raised as 
required by leathern buckets and bullock labour, to be allowed to flow ‘a 
by gravitation into the prepared pans. Evaporation, by the fierce oe 
“a rays of the sun does the rest; and, so soon as a sufficiency of salt has | 
| 1 been precipitated, usually in caky layers of about an inch or two ~ 
ie in thickness, it is simply gathered by handfuls, rinsed in the eh 
remaining brine, and thrown into heaps, to be gathered forthe  ~ by hi 




























ha Samples of the salt, as well as of the mother-liquor, were taken 4 
oP... for analyses, with a view to determining whether it would be possible ‘Os 
:. to profitably purify the former, or utilise the latter for the separation Oe 
of magnesium chloride. It may however, at once be stated, that it eG 
would -be a matter of extreme difficulty to collect a sufficient quantity ‘oa 
of the mother-liquor left behind, after the salt for market is removed, . ue 

under existing circumstances. " 






On the 24th instant, an excursion was planned and successfully | i... 











"carried out to explore the whole of the region lying north of Degam that ie | 
had hitherto remained untraversed. A drive was taken WNW. by ‘xa 
| NW. for a distance of 3 miles to Renawara, and notes by the way were oe 
Es? i | made, showing that the white arenaceous limestone of the Dwiarka a 
Group, so plentifully present at the surface surrounding Degam, gradu- .. 
ally thins down in the direction of Rendwara, where the superposition = 
: of strata was well exemplified by a well-shaft | mile ESE. by E, of the» \ ar 
o last-named village. Hereabouts, the surface to a depth of 4 feet, was - wea 
a)" seen to consist of beds of a richly fossiliferous limestone, clearly forming . 






the lowermost portion ot the Degam-stone deposits. Below this there 





he 

= 

ne 
~~ 
= 
# F a 
r i 
jal 
Tt i 
\u 
r 
4 


Dad. ti o> A oe "oe 
ee UM APA AYE 


- - 
- | Ta a. . os + . . Ls 2 ~~ 
eae ia ty comet = ‘ % Yr. C4 
, * ¢ ij i . e i 5 


CRNIV Economic GEOLOGY OF PoRBANDAR STATE 


could be identified about 5 f@et of a coarse conglomerate, largely 
composed of fragments of Gaj limonitic limestone, resting upon 4 feet 
or so of more or less compact limonitic limestone of the Pinddralite 
type, but too much broken and irregularly jointed to be of any com- 
mercia] value. 

From Renawara a NNE, course was taken along the road to Bhar- 
wara for about a mile; but, upon reaching a place 4 mile N. by NNE, 
of Rendwara, the surface of the ground was found to exhibit a distinctly 
Miocene facies, and it was therefore fortunate that a small disused well- 
shaft was found at hand showing a very richly fossiliferous stratum of 
shelly, limonitic-limestone (of which a fine museum specimen was 
secured), overlying a band of compact Gaj limestone of the Pinddralite 
type. 

In consideration of the circumstance that these finely textured 
bands of ornamental stone, namely, the dolomitiferous Pinddralite 
and the kindered Bharwardlite, are invariably developed, in commercial 
consequence, only locally, it would be desirable, wherever they are 
detected, to make use of a prospector's core-extracting dril] :- as it is 
more than Jikely that when placed upon the market both Pinddralite 
and Eharwirdlite would speedily find favour by reason of their intrinsic 
merits ;—to wit, their pleasing tones of pale to rich yellow, orange and 
cinnamon hues; the ease with which they can be delicately carved ; 
and, the light polish or fine matt surface which can be most readily 
imparted to the materials under consideration, 

Continuing NNE, along the cart-road to Bharwara up to the nether 
alluvial flats of the Ger or Freshwater Marsh, a cut across the pathless 
countryside was taken in the direction of Simdni, and an opportunity 
afforded for collecting additional good specimens of Miocene corals 
from the zone exposed by a cutting nearly opposite to the Babadeshwar 
Temple on the made-road leading from Degdm to Bharwara and beyond. 
Thereafter, a rough cart-track was followed south-eastwardly to the 
village of Pandawadar, necessitating a short traverse over laterite ground, 
which it will be remembered was formerly noticed as an extension of 
the lateritic ridge, trending W. from the so-called “ iron-mines”’ site 
in the vicinity of Bakharla. 

Approximately 1} miles SE, of Babadeshwar Temple, the Jateritic 
ridge was observed to be overlapped by an outcrop of thick slabs of 
stone dipping at an angle of sometimes as much as 45°. Upon closer 
and careful examination, these slabs were found to be false-bedded, 
and to be composed of a dark buff-grey finely textured limestone inter- 
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laminated with thin coarser, shelly, fossiliferous layers, and manifestly 
belonging to the lower beds of the Degdm-stone or Dwdrka Group, 
This outcrop of stone was traced southward to the village of Pandawadar, 
where, at the talav to the SE., it was found to overlie a tolerably thick 
bed of stone closely crowded with the shells of bivalve molluscs presenting 
a distinctly Pliocene facies. | 

Returning SW. to Degdm, a few well-shafts were examined at inter- 
vals on the way and it was noted that with but slight variations of no 
importance the whole of the countryside was pfactically covered to 
varying depths with soil and subsoil, diversified by patches of bare rock 
belonging to the Dwirka Group of beds, typically represented by false- 
bedded Degim-stone or whitish sandy-limestone in tolerably thick 
slabs with alternating laminz of fine and coarser texture. These Ssuper- 
ficial deposits were generally found to pass insensibly below into an 
appreciably thick littoral deposit of recalcified fossil shells. (mainly 
lamellibranchiate), of the nature of a base of conglomerate, conformably 
overlying the limonitic limestone strata of the Gaj Group or marine 
Miocene, 

Tents were struck at Degam on the moming of Tuesday, the 25th 
January, 1916, and the return to Porbandar headquarters so arranged 
as to complete the examination of the whole of the State lying to the 
north of the main made-road from the City to Randwdéo. Old ground 
was covered by a rapid drive to Panddwadar, and the south-easterly 
cartroad, very rough and rutty at places, was thereafter followed as far 
Kolikhara. At Kolikhara, } mile NNW. of the Village, a 15 feet deep 
well-shaft showed that the limestones of the Dwarka Group had dimi- 
nished markedly ; leaving only superficial layers of conglomerate, over- 
lying a deposit of coarse laterite-conglomerate. 

Proceeding SE. by SSE. partly along cart-tracks but mostly over 
pathless ground, the shelly limestones of the Dwirka Group were found 
to predominate at the surface ; but, upon reaching the old site of Arnidla, 
I} miles SSE. by SE. of Kolikhara, an appreciable deposit of much 
honeycombed miliolite was observed to cover the Dwdrka limestones, 
which were exposed by the scarp of a stream 4 mile SE, of old Arnidla, 

Crossing over the Railway-line to the ruins of Rajpura, (near by 
which the southward course of the abovenoted stream, trending SE. 
into the Great Southern Salt Waste, was found to be fairly full of water 
and appropriated by groups of dhobies), the shelly, compact, but slab- 
like limestones of the Dwdrka Group, Irequently false-bedded, and 
apparently dipping at decided angles, once more characterised the 
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‘outcrops at the surface, and continued to predominate WSW. into the 
very heart of the City of Porbandar. 

Specimens added to the State Geological Collection Register, are 
as follows :-— 


Provisional Name. Locality and Remarks. 


= 


Evaporated Salt .. : a is oe 1} milles NW. of Bo- 
china. 


24-1-16 | 349 |Fossiliferous, G4j Limestone, ..| mile N. by NNE. of Rendwara, 
24-1-16 | Limonitic-limestone, Pindira, Underlying 349, 
type. | 
24-1-16 | 351 |Dark, Compact Limestone. Inj]} mile SE. of Baibadeshwar 
| fissile, honeycombed Slabs.) Temple near Simani. 
(Dwirka). 


Compact, Shelly-limestone.|000 yards ESE, of Pindiwadar, 
| Dheirka Group of Beds. epee Degim-stone of 
Tay, 


25-1-16 1353 |Indurated, Buff Limestone,|Low Eminence, 1} miles SE. by 
| (Dwarke), In large Slabs, | SSE. of Panddwadar, 


951-16 | 354 |Limestone-conglomerate, Dwirka/Top of 15 ft. well-shaft, } mile 
| Group Base. NNW. of Kolikbar, | 


25-1-16 | 3 lContee Laterite-conglomerate. ..) Underlying 34. 

25-1-16 | 350 |Miliolite-bane Conglomerate, | mile ESE. of Arnidila, 

*5-1-16 | 357 |Deep-ruddy, Honeycombed Lime-|Scarp and bed of stream, Im-— 
atone. (Dwirkn). mediately underlying 356. 


7j_ 


DIGEST OF DIARY. 


February, 1916. 

S$ ALREADY NOTIFIED, a return to headquarters,—after a camping 
tour of over 3] months —was effected on the 25th January, 1916, 
and the remainder of that month was very fully occupied with 

unpacking, reparcelling and arranging the large collection of samples 

secured for the State Geological Collection. 
During this period of turmoil, an unexpected visit to Porbandar 
brought the representative of THe IncrRsott-Ranp Company, of 






















NARRATIVE REPORT ‘ ; CXXVIii- 


Forbes Buildings, Home Street, Bombay, to these Offices, in answer to 
an inquiry addressed to the London Office of the firm, for particulars 
concerning quarrying, mining and road-making machinery. 

From this interview it was ascertained that stone-breaking and 
sorting machines for road-making could best be obtained from Messrs. 
MarsHALts, Ltp., of Bombay; but that in the event of prospecting, 
quarrying and mining installations being required by the State at any 
time, the INGERSOLL-Ranp Company, pethaps the largest and best 
organisation of the kind in the world, would be prepared at any time to 
send an expert engineer to ascertain requirements and submit speci- 
fications. 

There can be no doubt, that in order to utilise the valuable stone 
resources Of the State (detailed records of which have appeared from time 
to time in these reconnaissance reports) to the best advantage, it would 
be imperative to take a speedy initiative in placing matters on a 
thoroughly sound commercial basis, and to that end it would be necessary 
to provide plant for prospecting, extracting and manipulating crude 
materials and of conveying them expeditiously at a minimum of expendi- 
ture to centres of consumption and distribution, It need scarcely be 
pointed out that such a course of procedure, could only be satisfactorily 
carried out as a State speculation or by the formation of a sufficiently 
capitalised Joint-stock Company. 

From the Register of Rocks, recorded by instalments in these 
monthly reports, it will be gathered that a very vast and varied series 


of sound merchantable stones is more or less readily available for ex- ~ 


ploitation. These will be duly classified and systematically described 
with special reference to their commercial value, separate uses, physical 
properties and composition, upon the termination of the present re- 


connaissance survey ; but, for the present, it may be noted that they . 


include : r*. All the most valued varieties of economic stones known to 
exist, suitable for the erection of palaces, public-buildings and dwelling- 
houses. 2°. Stones of exceptional strength and durability suitable 
for foundations, steps, landings, bridge-piers, dock and harbour con- 
struction and the making of permanent highways. 3°. Omamental 
stones selected from the abovenoted classes, suitable for being carved 
or polished, a few of which are of such rare occurrence as to justify them 
in being described as unique. 

To place these commodities firmly. upon the markets of India, 
a good many of them will require prospecting by modern methods,— 
ordinary and core-drilling and so forth; while the majority would call 





es» 
a % 
- 


ee) = 


2 mas Y [ 


> 


wilt 
or ra " * 


“ai* 
r Rae b us = 
| i a 5. ‘ — «a 


o t se _ 
t a eat =" 2 \ i 
‘4 Pi Fi nad , + PO ote om, * Nw 
ties 4 P 
is a ~, 
‘ r 


; » * F 
-_ “J "yale y 

1 | ait a he Vy = = 

+ ‘anon a) a us = ’ 


a’ ee 2 


Economic GEOLOGY OF PORBANDAR STATE 
for pneumatic or electric drilling and extracting machinery, crushing 
and nidging machines, and, in course of time, the more costly plant for 
polishing. 

The cost of conveyance from the sites to the port, which is at present 
an almost insuperable difficulty, (with the single exception of the Rand- 

_ wiio sites) could best be minimised by the employment of motor traction 
wagons ; while exorbitant freights can only be avoided by the chartering 
or purchase of a small fleet of cargo boats, and the installation where 
needful of either permanent or temporary landing places. 

It is clear that unless these or a modification of these arrangements 
are instituted, either by the establishment of a State Industrial Depart- 
ment, or the formation of a duly authorised and sufficiently capitalised 
Company, it would be futile to expect more than a very modest incre- 
ment of Revenue from the stone resources of the State ; and now that 
enterprising builders and architects are commencing to “wake up,” 
in anticipation of a cessation of European hostilities, it 1s surely time 
that some decisive move should be made in the matter. | 

the rrth instant Mr. SypNey Symons of the Porbandar Cement 
Works kindly furnished results of a first lot of analyses by Mr. R. E. J-_ 
M’Cutty, as follows.” :— 

“ Porbandar-Sione or Miliolite-limestone.— 

later . i 
Carbonic acid .. = Mi 
Oxide of Iron and Alumina .. 
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Mother Liguor after extraction of Sodium Chloride from Sea-Water 

Porbandar Salt-pans. 
Specific Gravity ne ae ie «» I°300 
Magnesium Chloride, 23° 3 per cent. or equivalent to 
48°6 ozs. per Gallon. 

This memorandum of analyses is here entered for future reference 
if required. For the present, however, it may be observed that the 
miliolite is shown to be a Practically pure calcareous stone, with only 
sufficient silica to enhance rather than detract from its strength as build- 
ing materia] ; while the percentage of iron and alumina is so low, as 
to be scarcely sufficient to cause a very slight coloration, to a very 
pale buff, by oxidation and hydration of the former, and to barely 
appreciably harden the texture by the presence of the latter. 

On the other hand the preponderance of silica in the granophyre 
fully confirms the claims made for the material on the score of durability 
and great strength ; but, with reference to the latter property, optical 
determinations to show the precise relative positions of the units of free 
silica or quartz, to those of the silicates of alumina, etc., called felspars, 
are, of course additionally desirable. 

With reference to the third analysis; namely, the estimation of 
Magnesium chloride in the mother liquor collected from the Porbandar 
salt-pans :—It may be noted that Dr. DitrMar’s generally accepted 
analysis of normal sea-water gives the percentage of magnesium chloride 
at 10°78 ; so that the quantity of that salt Present in the sample under 
consideration is unquestionably very high. Unfortunately however. 
the insuperable difficulty of securing sufficient supplies up to standard 
of sample, coupled with expensive technical processes, and outlay for 
the installation of a costly plant, would render any project for the sepa- 
ration of the salt on a commercial scale extremely hasardous. 

A considerable portion of the writer's time was occu 
together evidence concerning the geological structure 
regions which by stress of circumstances, in Waversing circuitous routes, 
had to be held over from time to time ; but happily, by the end of the 
second long traverse, sufficient data had been gathered to furnish coherent 

material for the second Quarterly Report. 

On the 16th instant, the long deferred Photomicrographic Apparatus, 
made by Messrs. W. Watson & Sons, Lp., of High Holborn, London, 
duly arnved, and having been unpacked and examined, was carefully 
Stored away, pending the preparation of rock-sections for the microscope, 
upon the final return of the writer from reconnaissance or field work 
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This improved modern appliance will require to be firmly mounted 
upon a strong table, and, in conjunction with a properly iuminated 
_ microscope, will enable the operator to secure the best possible results, 
in making clearly focussed figures, illustrative of the microscopical 
structure of the various petrological specimens collected, with absolute 
fidelity, down to the most minute of details. 
Special additions to the State Geological Collection during the 
current month are as follows :— 


Locality and Remarks, 


Miliolite-limestone, 2nd Grade, Adatiina Heights, Babulwari 
steal. Cniees, eae Plot. Kasam Aboo's Quarry, 


Miliolite-limestone, 2nd Grade,|Adatidna Heights, Bhoyrawari 
“Sih tps Ordinary Building teagt Kasam Aboo's Quarry, 
, a. 


Miliolite-limestone, let Grade, Ist|Adatidna Heights, Jarwari Plot 
| Quality. Large Building-blocks,| Velji Lavji's Quarry, No. 259. 


Miliolite-limestone, Ist Grade,|Adatiéna ese agar s Bhoyra wari 
Ist to 2nd Quality. Ordinary} Plot. Kasam Aboo's Quarry 
Building: blocks, | No, 4. 


M te-limestone, 2nd Grade, | Adatiina Heighta, Bhovrawari 
lst Quality. Flooring sabe, ate, Se Oomar Jamal's Quarry, 
o. 1. 


\Miliolite-Limestone, Ist Grade,|Adatiina Heighta Kundlawari 
i” Quality. Large Building. da Hajji Esmail's Quarry, 
locks. | No 


Miliolite-limestone. 2nd Grade, Adatiina Heights, Bhoyrawari 
2nd Quality. Thin, hardslabs. | Plot. Vali Mahommed Aboo's 
Quarry, No, 2; | 


Miliolite-limestone. let Grade, eee Heights, Bhovrawari 
Ist ee easy: Large Building 7 rd Velji Lavji's Quarry, 
Oo. 


Miliolite-limestone, Ist Grade,|Adatiina Heights, Jdrwari Plot. 
8nd Quality. Ordinary Boild- Kasam Aboo's Quarry, No. 119. 
ing-blocks, 
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Miliolite-limestone Ist Gracie, Adetiina Heights Kasam y 
Cae ‘Large Building-| Quarry, No, 44 ae ‘ 
















Miliolite-limeatone, 2nd Grade, Adatidna Hei bulwari 
| Jet Seer Large Building. Plot. Coane uaenenne 
bloc brent No, 25, 
tins Heights, Shikhar Plot, 
Manji. Viniie 8 Quarry, No. 100, 
















21-2-16 





Ist Quality. Ordinary Build. 
ing- blocks, 


Miliolite-limestone. 2nd Grade,!Adatidina a isisht aie ae 
=nd Quality, Floonng slabs, cto, Plot. Kasam ee | ow ones 
| No, 21, a. “ 


\Miliolite. limestone, Jat aiding: Adatiina _ Hei h Bh 
and @ Quality. Large | &) Plot. K oe i ‘eee 
a, 4 


Miliolite-limestone. Ist Grade|Adatidna Heights, Tankawari 
2nd seta fs Large Building Shae ane Virji's Coane: 












21-2-16 | 



















=2-2-16 












22-2-16 





da tid: hta, Bhoyra 
Pat Nant Virji's a 








Peitiolite- limestone: Ist Grade,|Ad: Ran 

2nd Quality, Large Building. Meccasieceen re yee sto 
| blocks. man's Quarry, No. 37, 

it tis Wokccbeas. 2nd Grade,/Adatiina Hei 

Ist Quality. Flooring slabs, ete ete, Sa Vat Invite tee 















|Miliolite-limestone, Ist Grade,|Adatidna Heights, Bhoyrawari 
! ®, Bhoyraw 
| Ist Quality, ee 95 Nayji Virji's Quarry. 
















|Miliolite-limestone. 2nd Grade, 
2nd Quality. Ordinary Build. 
ing- blocks. 


Adatiden Heights Babulwari 
toe Tapa ay Kasam Aboo's Quarry, 
Li] 


Adatiina Heights, Baibualwari 
Plot, Kasam Aboo's Quarry, 
















Miliolite-limestone. 2nd Grade, 

Sand a: Ordinary Build-| 
filiolite-limestone, 2nd Grade,|Adati 
2nd. craved Ordinary Build. Aimasd ‘Al's Quar 
ing- | 


Miliolite-limestone, 2nd Gr 
Ist Quality. Ordinary Build- 
-blocks. | 


































de,|Adatiina Heights, RAnwari Plot, 
Noormohammed Abdurahman's 


Quarry, No. 27. 


iatiina Heights, Ranwari 
Plot. Noormohammed Ab- 
durahman's Quarry, No, 28, 


Miliolite-limestone, Ist Grade,|Adatidna Heights, Babulwari 
Pn wires Ordinary Build-| Plot.  Nanji Virji's Quarry, 
ing-blocks No, 32. 

|Miliolite-limestone, 2od Grode,|Adatiina Heights, Babulwan 


2nd Quality. Blocks and Slabs, pees Nanji vei Quarry, 
nO, abe. 







ing 


Miliolite-limestone, 3rd Gmde, 
2nd Quality, Coarse, thin Slabs, 
























latina Heights, Ranwari 
Plot. seprsnins 2 ne 









Heights, Nevrawari 
Mohammed's 







| Miliolite-limestone, sind | 
Thin closely laminated Slabs. 






|\Miliolite-limestone. 2nd Grade,!Adatiina Heights, Piprawari 
| aut Quality. Good, larg say ; Velji Laviji's ry, 


Miliolite-limestone, lat JAdatiina Heights, Piprewari, 
2nd Saeenny: Large Euilding- var" bs 5 Lavji's Quarry, 





|Mitiolite Limestone, Srd Grade. cers -_ Heights, Tankawari 
Hard, thin, Flooring-slabs. cormohammed  Ab- 
| teen el oe No. 76. 
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DIGEST OF DIARY. 
March, 1916, 


9 esta edie having been made for the printing of a summary 
+ & of these reports with the Damodardas Printing House of Rajkot, 
galley-proofs of a first instalment of the “ First Quarterly Report 
on the Economic Geology of Porbandar State’ were received, revised 
and returned to the printer on the first day of this month. These were 
subsequently revised for the third time, passed for press, and finally — 
completed in the form of eight consecutive pages of letterpress by the 
20th instant; when also a further instalment of eight pages of matter — 
came to hand for a first revision. 

The first day of this month was also signalised by the visit to Por- 
bandar of the AGENT TO THE GOVERNOR oF Bompay for Kathidwar, upon 
whom the writer called to pay his respects ; while upon the following 
day the Administrator with the Agent to the Governor paid a visit of 
inspection to. the headquarters of the Geological Survey. 

The work of dealing effectively with the large series of blocks and 
boulders of miliolite-limestone and of granophyres and other economic 
stones secured for the State Geological Collection, demanded and received 
the largest moiety of attention from the beginning up to the middle of 

the current month ; and, in addition to the proper trimming and shaping ) 
of museum specimens, a goodly series of new samples were duly registered = 
as follows :— 


Date. ee ae Provisional Name. | Locality and Remarks, 
j i \| 


1-3-16 | 393 |Miliolite-limestone. Ist Grade, Adatidna Heights, Kundlawari 
eo meta Large Euilding- hots Hajji Esmail's Quarry, 


1-3-16 | 304 |Miliolite-lithestone, 2nd Grade, |Adatidna Heights, Tankawari 
Sod Quality. Flooring Slabs. | Plot.  Nanji Virji’a Quarry, 


1-23-16 | 395 |Miliolite-limestone, 2nd ea ree Heights, Tankawari 
retest tari A Large Building- Aig Nanji Virji's Quarry, 
on o, 81, ; 
3-3-16 | 396 |Miliolite-limestone, 2nd Grade, |Adatidna Heights, Tankawari 
Ist Quality, Large Building-| Plot. Nanji Virji's Quarry, 
blocks, | No, 82, hal) 
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aa! 3-3-1656 | 397 |Miliolite-limestone, 2nd Grade, Adatiina Heighta, Tankawari * 3 it 
rae | Ist Quality. Large Building-| Plot. Nanji Virji'a Quarry, epee 

| blocks. No. R4. “ i 
oo 3-21-16] 398 |Miliolite-limestone, 2nd Grmde, Adatidna Heights, Shikhar Plot ae 
Ja and iQoslity Large Building-| Nanji Virji's Quarry, Nu 100, ae 


wa |! | blocks. r: . 
bth $-3-16 | 399 |Miliolite-timestone. 2nd Gmde,|Adatiina Heights, Bhimkot Plot. = 


2nd Quality. Large Building.) Noormohammed Abdurah - P| 
blocks. man's (huarry, No, 162, 


3-2-16 | 400 |Miliolite-limestone, 3rd_ Grade, Adatidna Heights, Shikhar Plot, ee 
Ist Quality. Large elas Nanji Virji's Quarry, No. 100. ce 





blocks, 


The completion of the Second Quarterly Report on the 7th instant, an 
followed by the colouring of the Geological Chart so as to indicate the a 
boundaries of the various formations and noteworthy sites for economic ae 
products, over the entire region north of Porbandar City, occupied a a 
considerable portion of the writer’s time up to the 12th instant. i 

Active preparations were made during the ensuing days, for a t 
prolonged traverse, to cover al] unsurveyed ground south of the City 
of Porbandar. To that end, tents were sent in advance on the 14th 
instant to the town of Chaya, and everything having been satisfactorily 3 aoe 
packed, the writer and staff proceeded to the camp, early in the morning | 

of the 18th instant, oe 


Camp-Station XV.—Chaya. * 


()* THE Way to Chaya, it was noted that the main outcropping stone ay 
consisted of exceedingly rough and rubbly consolidated shell-sands — 


belonging to the Dwarka Group of presumably Pliocene beds, \ 
diversified by flaestones, belonging to the same formation, immediately = 
underlying the rubbly rock ; while both,were occasionally obscured bY = 
thin deposits of coarse miliolite-limestone, At Chaya itself the flagstones, 
_ frequently false-bedded, predominated at the surface ; and the numerous 
well-shafts in the neighbourhood of the town, showed from 15 to 20 
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feet in thickness of these tough and strong arenaceous shelly-limestones, 
often in solid slabs of over 12 inches in thickness ; but unfortunately 
far from uniform in texture ; coralliferous at parts, shelly and coarsely 


conglomeratic, and. finely textured at others. These drawbacks either — 


singly or in conjunction, it need scarcely be pointed out, unfit an other- 
wise very valuable building stone for commercial purposes. 

On the morning of the roth instant, a special survey was taken 
of the locally famous quarries from which enormous quantities of mate- 
rial known as “Chaya Stone” are annually extracted for ordinary building 
purposes. A drive was taken for about half-a-mile in a southerly 
direction from the camp, over 4 stretch of salt-marsh alluvium, which & 
deeply swamped during the monsoons, to the base of the summit, of 
a 66 feet hich, (above datum), hill ; which forms the highest part of a long 
sub-coastal ridge, literally riddled with deep pits, like huge bottle-shaped 
oubliettes, descending, sometimes 60 feet, into the ‘ bowels of the earth.” 

It was found upon detailed examination, that the whole of this 
high ridge, from base to summit, consists of one kind of stone only, a 
somewhat peculiar kind of limestone, which rests upon a foundation 
of hard, flaggy consolidated shell-sand continuous with the beds upon 
which the town of Chaya stands; and, as a few of the pits have been 
excavated to the depth of nearly 60 feet, it may be presumed that the 
bottom stone represents the base of the deposit. 

The quarry workings are reached by mieans of dangerous-looking 
flights of country-made rough wooden ladders ; and up these frail foot- 
holds, come women and even small girls and boys, each bearing loads 


-of one or two building blocks, from } to 4 cwt., upon their heads. It 


was ascertained that the stone varies from place to place, both vertically 


and horizontally, all of which however are more or less perforated by* 


small cylindrical channels filled with brownish earthy matter, which 
oecasionally becomes indurated. In texture, the stone is uniformly 
much more finely grained than the more valuable miliolites of the 
Adatiina Heights ; but even its best and most compact varieties do not 
admit of being carved, for reasons which will doubtless become apparent 
when examined under the microscope. 

The stone towards the base of the deposit is ieeesiii more coarsely 
channelled with perforations and less coherent than that from the central 
portions of the deposit. It is also less compact and more porous ; and, 
instead of bemg white, acquires a: brownish-grey colour. About 25 out 
of nearly 100 quarries were in active operation on the 19th March, 1g16 : 
and it was elicited, that the stone has been regularly quarried at these 
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sites for about half-a-century, and exclusively consumed for the erection 
of minor dwelling-houses in the State. Ordinary building blocks, r2 
by r2 by 6 inches in dimensions of the best average qualities, are sold 
at the pit-mouths at Rs. 5-8 annas per roo blocks: but prices are stated 
to vary and are not regulated by the quality of the stone, but simply 
to recompense the quarry-labourer. 

It may be noted in passing, that the usual routine of camp-work 
consists in trimming, packing, provisionally naming and registering 
samples collected on the day following their collection ; and of marking 
all important geological boundaries and peculiar outcrops upon the 
chart. When the collection happens to be either a large or difficult one 
to deal with,—in preparing suitable chips from each sample for future 
laboratory research,—a second day is needed to accomplish the work 
‘im camp. 
| On the 20th instant, the writer was reminded, that carts and men 
could not be procured for field-work, as it was the closing day of the 
“ Hindu Holi Holiday "; while on the day following,—a kind of Hindu 
“ Saint-Monday " it was additionally declared to be a “ Parsi Holiday "! 
The writer's work, however, was continued without interruption, as 
reports had unavoidably, through excess of materials collected, fallen 
slightly in arrear. 

All samples having been satisfactorily dealt with, and a second 
instalment of printer's proofs of the First Quarterly Report having been 
revised and returned, a couple of bullock-carts were hired to accompany 
the writer and assistant in traversing the coastal and sub-coastal regions 
within reasonable reach of the camp at Chaya, on the 22nd jnstant. 

The swamp, now dry, which forms a diverticulum on the west side 
* of the town, up to the rear of the Geological Survey Headquarters on 
the SE. side of the City of Porbandar, was examined, and found to 
spread over by a deposit of from 1 to 3 feet of grey, saliniferous alluvial 
mud ; which, on the less salty upper margins of the swamp, about 200 
yards SSW. of Chaya’s ‘Rabari Nes’ or shepherd's quarters, is 
excavated to a depth of only one foot, to yield a coarse clay strong and 
plastic enough to be fashioned and kilned into native roofing-tiles. 

Farther south-eastward, or, more precisely 1 mile SE. of Chiva 
a large area of ground has been excavated and dammed off from the — 
salt-water swamp in such a way as to form a reservoir for the freshwater 
higher-level drainage. This place is known as the “ Balvi Talav” or 
“ ‘Bawi-ka-Mat "'; and the alluvium combined with the decayed and 
disintegrated shelly-limestone upon which it is deposited forms an 
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‘appreciably deep layer of marly clay at the SW end of the falay, which 


is much esteemed by local potters for making chatties and other 
earthenware. 

It appears to be a pity that these native potters or Awmbhars, the 
majority of whom are skilful ‘throwers ‘, do not combine to establish 
a well-regulated and comprehensive pottery. Each village supports 


at Jeast one of these expert craftsmen ; and, if they could anly be got - 


together and properly organized, provided with improved tools or even 
machinery, and instructed in the rudiments of preparing standard clays, 
glazes and of ‘ firing,’ the wares scientifically which they already know 
so well how to fashion by hand labour, it may be anticipated that the 
day would not be far distant when India would become independent 
of the enormous supplies of household china and earthenware, annually 
imported into her warehouses and bazaars. 

Crossing over the salt-swamp to the base of the quarry-site ridge, 





 # mile §. of Chaya, the low scarp of stone there found bordering the swamp, 


was found to consist of a false-bedded deposit of coralliferous and shell- 
sand limestone unquestionably belonging to the Dwarka Group upon 
which Chiiya is built. Ascending the hill-slope, these nether beds are 
found to be overlaid by the Chdya-stone, the uppermost exposed parts 
of which, at the highest summit of the ridge, are much hardened by 


sunbaking, and so rubbly, as to be commercially worthless. 


Following the steeply inclined track over the quarry-ridge in a 


southerly direction towards the sea-shore, a second but much lower ; 


ridge is found intervening, and also parallel with the coast-line. The 
summit of the highest part of this ridge was formerly pierced and quarried 
for stone, of which a tolerably large quantity was at one time extracted 
in the form of building-blocks, a goodly number of which still lie scattered 
around the pit-mouth. This abandoned quarry, situated about 1} 
miles 5, of Chaya is locally known as Mithi Khiny and the stone is mani- 
festly of the nature of a soft and porous sub-aerially consolidated sand ; 
—-the relic of a former dune, upraised along with its underlying stratum 
of beach to its present position 24 furlongs from the margin of the sea. 
At the base of the Mithi Khan elevation, about 200 yards SW. 
of the excavation, the underlying strata outcrop in form of large blocks 
of flagstone, composed of both finely and coarsely comminuted shells, 
corals and other organic remains firmly compacted with an abundance 
of siliceous sand, and corresponding in all essential details with the 
Dwarka Group limestones of Chiya. This material is locally and mis- 
leadingly called a black-stone or Adld-pdnd ; and from its convenient 












































variable, almost from yard to yard horizontally and from inch to inch 





omen Economic GeoLocy OF PORBANDAR Shire P 
situation, was partially utilised for building the walls surrounding the | Bs 
Porbandar Raj-Mahal or Palace of the MAHARANA Sane. Although 
very tough and strong, available in blocks of large size and locally most 
acceptable for the purpose to which it has been applied, the stone is so 







vertically that it cannot very well be included in the category of the — 
commercial stones of the State. 

A curious phenomenon, worthy of notice in this place is, that be- 
tween the Mithi Khin ancient sand-lune, and the present-day dune of 
blown-sand skirting and sloping down to the sea-level, there is a tolerably 
wide channel, which, during the monsoon is said to be flooded into a 
deep temporary river. Into this channel the limy detritus from’ the 
adjoining calcareous ridge is periodically swept to settle down, become 
dry and finally sunbaked, so as to produce a natural chunam, called 
dord-mutty by the natives, and desultorily dug out when wanted, for 
whitewashing their dwellings. 

The sand-dunes bordering the seashore from the Raj Mahdl, past 
Chiya and right up to Adodar, form a continuous, practically unbroken, 
low, flat ridge mostly held together by bunches of sedges and grasses, 
and the sand generally forms a gently sloping beach down to low-water 
mark, where it terminates in an outcrop of big breakers of the shelly 
and arenaceous Jimestone that dominates this portion of the coastal 
countryside. 

Specimens gathered during the sojourn at Chaya and added to the 
State Geological Collection are :— 





tered Provisional Name Locality and Remarks. 
























19-3-16 | 401 Chavet limestone, Indurated and|} mile S by SSW. of Chaya, Top 
lated. Summitsurface, | of Munzs Laxman’s Pit. 


19-35-16 | 402 Chaya. limestone. Greyiesh, 
Finely Textured but not 
Compact, with branched Per- 
| forations, 
19-3-16 | 403 (Chay a-limestone. aR Aa 
than 402, Much perforated. ger's Pit. - 


Cede Kmesione White, Compact, Same site as 401. Near top of 
| Best-quality Stone, Dit4 Megha's Pit. 





me site as 401, At depth of 
20 feet, in Vasrim Somyji’s Pit. 






Same site as 401 At depth of 
| 50 ft, in Béwh Virger Jasmat- 


1-32-16 | 44 
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Locality and Remarks. 





22-3-16 | 405 |Consolidated Shelly and Sundy.Surface of 22 feot woll-shaft. 
Limestone ( Dowirka). | 500 vards ESE. of Cluiyn, 


223-16 | 406 | Potter’s-Clay. Marginal Allavium200 yards SSW, of Rabiri Nes, 


of Salt-swamp. | ESE. of Chaya. 
923.16 | 407 | Potter’s-Clay. Marly Alluvium'SW. ond of Biwd-ki-Mit  j mile =i ; ’ 
of Balvi ‘Talay. | SE. of Chiya, ae 
223-16 | 408 | Shelly and Coralliferous Dwarka-|3 mile 5, of Chiya. Base ofquar- ~ Se he 
beth Limestone. rieel Hill-ridge. tf < i 








999-16 | 409 | Sub-recent Consolidated Shoell-1} miles 8. of Chaya. Olid Pit 
) sand, Raised Dune. | called Mithi Khan. +7 oe 
$93.16 | 410 | Consolidated Shell-sand. Raised 200 yards SW. of 409. Used for ae 
Beach, walls round Raj Mabal. ie) 
99-$-16 | 411 NaturalChonam .. .. «50 yards SW. of 410, ee 
On the 24th instant, the specimens collected were carefully packed, | re 
tied up securely in gunny-bags and sent by cart to headquarters im oe 
Porbandar together with a parcel of prepared chips and slices of stone - 
to the mechanic for preliminary manipulation on the lapidary-bench. ee 
Arrangements were also completed on the day following for the trans- es 
ference of the camp to the sea-side village of Adodar, (pronounced Aorda), ap 2 
and tents were struck at Chiya at dawn of day on the 26th instant. | “a : 
With a view to covering as much untraversed ground as possible, Oe “" 
4 roundabout route was taken in journeying from Chdya to Adodar as ie 
follows :—The ENE. cart-track was followed in the direction of Rangha- ie 


wao and necessarily entailed the crossing of that branch of the vast 
Salt Marsh, which leads towards and encircles the eastern side of | 
Porbandar City as The Creek. On reaching the east side of this alluvial 


tongue, about one mile NE. by ENE. of Chaya, a portion of the depres- ae 
gion was found to have been dammed off and deepened to form a talav + 
or freshwater reservoir, where the obscured Dwarka, flaggy limestone 1% = Pu 
was found covered by from 1 to 2 feet of much cancellated and shaly ae 
miliolite limestone, altered almost beyond recognition into a dense, Sa 
grey substance by alternate sunbaking and monsoon conditions;—the eS 


shaly aspect of the stone, being apparently due to the weathering and ~ a 
subsequent hardening of the lamin of the structure. It will be interest- | 
ing to observe the precise nature of the changes that have taken place 

in specimens secured for future microscopic examination. 
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Proceeding along the cart-track eastward, to the village of Rang- 
hawdo, the surface of the ground was found to be deeply composed of 
more or less false-bedded flagstones, rendering the roadways exceedingly 
rough and rutty ; and samples of this stone dipping at various angles 
superficially by reason of their oblique lamination, immediately pro- 
claimed the materia] to be a shelly and coralliferous, arenaceous lime 
stone, clearly continuous with the surface Dwarka Group beds of Chaya, 

From Ranghawdo the roadway nearly due south to Adodar was 
followed, for about a mile, well into the north-westward branch of the 
Great Salt-Marsh, A sample of the tolerably deep deposits at this 
part showed it to be composed of a fine, grey alluvium plentifully 
mixed with sand and the comminuted shells of both estuarine and littoral 
marine Mollusca :—Cardiam, Tellina, Ostrea, ete. The course was then 
altered eastward, and followed along a beaten track at the edge of the 
salt marsh for about a couple of miles to a spot marked on the G. T. §, 
1 inch to r mile map, as Khokhri Parab. Here there were found two 
empty stone sheds with a small well-shaft by the side of one of them, 
erected at the expense of a Bombay merchant, in memory of his daughter, 
to afford refreshment for thirsty travellers, The well, which is about 
To feet deep, shows the ground to be composed of thin, shelly flagstones 
of the Dwarka Group, 

At Khokhri Parab, a strip of stony ground about 1} miles by about 
4 mile at its broadest part, remains uncovered by alluvium ; and by 
crossing over this patch in a SSW. direction, a temporary pathway was 
found leading to the SW. end of an eminence, 56 fect above the level 
of the sea, called Chirora-ka-Tobra, which, when the marsh is flooded 
forms a small, narrow islet. The dark grey alluvium of the salt marsh, 
barely covering the substratum of Dwadrka flagstones, surrounds this 
eminence, which, from base to summit is built up, so to speak, of false- 
bedded arenaceous limestone, very closely laminated, and in such an 
advanced stage of decay at all exposed parts, that it was difficult to 
secure even a small sample sufficiently unweathered to hold together 
intact, when detached from the main mass. 

Scrubby, ill-nourished, stunted grass was found struggling for an 
existence on the alluvium, between Chirora-ka-Tobra and the perma- 
nently dry rock-land 3} furlongs to the SW., and a further drive of 14 
miles in the same direction brought the journey to an end at Adodar. 
It may be noted that the entire strip of countryside intervening between 
Adodar and the western margins of the Great Salt Marsh is constituted 
by a considerable thickness, frequently shown by shafts of wells to 
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exceed twenty feet, of fossiliferous flagstones and conglomeratic, rubbly . 


rocks, belonging presumably to the lower beds of the Dwarka Group of 


Tertiary strata. 
Specimens collected during the abovenoted journey, and added to 


the Registered List, are as follows :— 





: : 
| 
Date, Provisional Name Locality and Remarks, 
26-23-16 Altered Miliolite-limestone, 1 to2 feet thick. Talay bank, | 
 Indurmted and Pseudoshaly. mile NE. by ENE. of Chiya. 
26-35-16 | Shelly and Coralliferous Flagstone.| 100 yards WNW. of Rangha waco. 
False-bedded_ Stone on which the village 
stands. 
25-3-16 Sandy and Shelly Alluvjum of, } mile SSE. of Ringhiwao. 
Dry Bed of Salt Marsh. 
26-3-16 Arenaceous Limestone. Much de-|SW. base of Chirora-ka-Tobra 





cayed, False-bedded and Finely) Mi feet above aca-level 1} miles 
| Laminated, | NE. of Adodar. 








Camp-Station XVI.—Adodar. 
NE, End of the Town. 


6) Basle WERE PITCHED in a small hedged field bordering the NE. 
end of the town on the 26th instant; but it was late in the 
evening before everything could be got into good working 
order, While the tents were being got ready, however, the opportunity 
was taken to examine the surroundings of the town and its adjacent 
seashore, accompanied by the Patel and a bullock-cart. 

A cutting of the ground adjoining the camp, showed that the town 
of Adodar is built upon a 3 to 6 feet substratum of rubbly, russet-coloured, 
eoneretionary limestone of dense texture, which immediately overlies 
beds of Dwarka flagstones ; while the true nature of the latter as richly 
fossiliferous shelly and coral-bearing limestones, thickly faggy above, 
then distinctly shaly, and more or less conglomeratic below, is demons- 
trated by well-shaft exposures about 200 yards to the NI. of the town, 

Asked if there were any quarries in the neighbourhood, the Patel 
led the way to an eminence } mile WNW. of the town and about 500 
yards distant from the seashore, where a deposit of inferior grey-brown 
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limestone of but little commercial value had been largely quarried to a 
maximum depth of 20 feet, up to about eight years ago, This stone 


. closely resembles the inferior qualities of Chdya-limestone, and like that 


formation, rests upon a substratum of Dwarka fossiliferonus flagstones, 
and is evidently a consolidated blown-sand. 

From the quarry site, which is not a very extensive one, a round- 
about detour was made to the sea-shore § mile WSW. of Adodar, so as 
to be in time fo examine the breakers exposed at low-tide mark. Samples 
of these were taken and found to consist of verv thick beds of consolj- 
dated shelly and sandy limestone, in all respects identical with the stone 
forming similarly situated breakers all the way along the shore to Por- 
bandar City and beyond 

As there was ample time for further investigation, it was proposed 
to ascend the hilly slopes inland te the top of a high-ridge called Sdlak 


Tobra, the summit of which, 96 feet above the sea-level, stands at a 


distance of { mile NW. by WNW. of Adodar. The Patel of the town 
4irst of all said that there was no cart track that way, and then protested 
that as there was no utilisable stone of any kind in the direction indicated, 
it would be only waste of time and tiring into the bargain to go there. 
He was however, given to understand that the eround fad to be exa- 
mined and reported upon at all hazards ; and jt was not until then, that 
he suddenly remembered that there was an excellent cart-road skirting 
the base of the ridge, and an easy pass between the ridge-hillocks leading 
directly back to Adodar. The cart to carry samples was accordingly 
sent along the roadway with instructions to halt on the E. side of Sdldk 
Tobra, while the surveying party climbed up the W. slope of that hillock 


to.its summit, 96 feet above datum. It was discovered that the base ~ 


of the hillock on its seaward side, was subjected to the periodic flooding 
during the monsoon of a channel rumning practically parallel with the 
shore, but inland with reference to the long, low ridge of sand dunes 
bordering the beach.” The swirling of the turbulent waters of this 
temporary river at its E. margin, has-been effectual in baring the thick 
flagstones there situated, and of rolling fragments thereof into ovoid 
and discoid pebbles of about 6 inches in length, composed of both fine 
and coarsely textured shelly and sandy limestones of the Dwarka Group, 
in continuity with the beds registered as No. 410, from which the so- 
called “ black-stone ” was extracted for building the walls surrounding 
the Raj Mahal. 

On ascending the western slope of S4lak Tobra, the Dwarka Group 
flagstones abovenoted were found to constitute the entire body of the 
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hillock and adjoining ridge right up to the very summit ; and the deposits 
were observed to be markedly false-bedded. , But, upon descending 
the eastern slope, it was, to say the least, surprising to fmd a goodly 
deposit of compact, white, and very finely-textured limestone, bearing 
signs of having been sparingly quarried many years ago and of also 
having been quite recently drawn upon on a very limited scale. The 
Patel, upon being interrogated, protested that he was entirely ignorant 
of even the existence of such stone in his immediate neighbourhood |! 
The stone, of which there appears to be but a moderate development 
on the eastward slopes of the ridge, at first sight appears to be equal, 
if not superior, to the best grade and quality of Adatiina Heights “ Por- 
bandar-Stone ": but, upon being tested, was found to be very much in- 
ferior in points of strength and cohesion of its units or clastic particles ;— 
rendering it useless for ornamental or carved work. Nevertheless, it is 
superior to the somewhat similarly constituted Chaya-limestone and 
therefore worth while being prospected, especially by reason of the sites 
being easily accessible and within reach of a level roadway barely over 
five miles distant from the centre of the City of Porbandar. 

Un the morning of the 28th instant a traverse along the sea-coast 
from Adodar wa Tunkra to Gosa, and back to the camp by way of inland 
routes was projected and accomplished as follows :—The SE. by SSE. 
sea-board roadway gradually receding from the long, low ridge of pro- 
tecting sand~lunes, was taken in the direction of Tunkra, and occasional 
halts were called for the purpose of examining the sea-coast on the west 
and the gradually diminishing ridge of hillocks on the east side of the 
roadway, without any noteworthy results other than those that have 
already been recorded with reference to the general geological structure 
of the coastal regions to the immediate W. and NW. of Adodar. 

In this way the countryside was traversed for fully three miles, 
when a small excavation by the roadside in front of an isolated cot- 
tage and ¢ mile distant from the sea-shore, revealed the presence of a few 
feet in thickness of sub-recent consolidated shell-sand ;—evidently the 
basal portion of a raised sand dune, overlying the shelly and sandy flag- 
stones of the Dwarka Group of beds. 

Half-a-mile farther SE,, or about 1} miles NW. of Tunkra, a bar 
of sand occludes the mouth of a very wide creek, which, at this time 
of the year constitutes a kind of natural salt-pan, and the narrowed 
NW, termination of this pool of dammed-in brine, is spanned by a strong 
causeway, on the E. side of which several labourers were gathering 
evaporated salt. 
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The stony exposed surface at the SSE. end of the causeway, was 
found to be constituted by Dwarka Group flagstones, the lamin of — 
which were weathered and worn down in such a way as to present a 
shaly aspect ; and upon the surface of these slabs, in patches every here 7. 
and there, there were found large numbers of recent shells,—Car- i! | ; 

- dium, Conus, Venus, Turritella, Ostrea, efc.—so firmly cemented to the + Wee 
substratum as to appear to be part and parcel of the same. | 

On approaching Tunkra, a well-shaft, about 500 yards NNW. of a 
the village, exhibited about 4 feet of a rubbly, much cancellated, sandy . 
limestone overlying about 8 feet of apparently compact, solid shelly 


and sandy Dwarka Group stone ; while another well-shaft at the NW. J 
end of the village, showed an unbroken depth of 12 feet of the last named 7 
stone without any tendency to become flaggy or false-bedded. . 
Tunkra village stands on a foundation of the aforenoted shelly <i 
and sandy Dwiirka Group limestone, which instead of being flaggy as a 
heretofore recorded, is here locally developed into solid imperceptibly ij 
laminated beds of considerable thickness, capable of being extracted zt . 
and cut into building-blocks of large dimensions ; and it is but reasonable = 
to expect that the stone if available in sufficient quantities, would not ry 
only be far stronger than the miliolite, but able to withstand seaside ¢ iid | 


and salt-spray weathering more effectually than the latter. 

Passing to the seaward side of Tunkra, about roo yards Wsw. 
of the village, there is an elongated pit-quarry which shows a very fine 
development of the Dwarka consolidated shell-sand, overlaid on its 
westward side by about three feet of a coarse, soft and much cancellated ‘ie 
shell-sand which rapidly diminishes to nil before reaching the village ~ 
boundaries. The partially decayed solid stone, which comes to the BA” 
surface close by and beneath the village, it 1s stated, yields a very strong AY 
lime when kilned ; but the stone when quarried from the base of the 
rubbly rock, has been sparingly extracted in blocks of large size and 
used for the building of dwelling houses, although nothing has hitherto 
been done towards making the material known. 
Between Tunkra and the sea, a wide slope of partially cultivated re 
ground, from 300 to 400 yards broad, extends to the edge of the long, ie 

_ Jow ridge of sand dunes, which in their tur incline to pass insensibly 7. 
into a beach, 200 yards wide, of fine sand, before the breakers at low- » 
water mark appears. The latter, consist of thick beds, more or less 
flaggy of a coarse variety of the same stone upon which Tunkra : tands. ae ae 
This stone at parts is riddled with the borings of Lithodomus and Pholas. a iw 

The coast line and its immediate inland areas from Tunkra to Gosa, 


Narrative Report | cxiv 


a distance of about 2} miles in a SE, by SSE. direction is essentially 
similar in all details to that which has just been described. At Gosa 
itself, however, which lies a little over i mile inland, a tolerably deep 
deposit of greyish-brown, inferior consolidated blown-sand presented 
itself, and has been quarried to a depth of from 6 to 8 feet, for State 
use, on the 5. side of the village. 
From Gosa with its crust of coarse sandy-limestone overlying rubbly 


fossiliferous limestone of the Dwirka Group, the NE. inland roadway 


was followed right up to the alluvial plain-bottom of the Great Salt 
Marsh. Bearings were taken at a place 2 miles NNE, of Tunkra to 
indicate a wide area of alluvium holding myriads of the dead shells of 
a small Cerithiuem ; while at another place, 2 miles NE. of Tunkra. the 
alluvium was literally white, for several hundreds of yards in every 
direction, with the large shells of littoral-marine molluscs +—Principally 
Cardium and Conws in a semi-fossilised condition, many of these shells 


"Were found so firmly imbedded in rubbly lumps of Dwarka Group lime- 


stone, as to convey the impression of being part and parcel of the latter; 
and, bearing in mind the famous Huttonian doctrine that ‘ the present 
is the key to the past,’ a good lesson might be learned from this occlrrence; 
wiz., that conclusions as to the horizons af many of the older stratified 
sedimentary rocks ought not to be too hastily formed and recorded. 

On the joth instant tents were struck at Adodar at 7-15 a.m. and 
the camp was transferred to the inland village of Mokal, right across 
an §-mile stretch of principally salt-marsh alluvium in an ENE. direction. 
Nothing notewerthy could be recorded on this monotonous journey 
save the heavy and tiresome drag through deep and yielding, soft grey 


_¢lay, just barely redeemed from becoming a clogey mud. 


At a distance of about 2 miles W. by WSW. of Mokal, the aspect 
of the ground acquired a perceptible change ; partly due to a, slight 
elevation, and partly from the circumstance that the earth was no longer 
laden with salt. This was testified to by the presence in the alluvium 
still of a deep-grey colour, of numerous freshwater and land shells :— 
principally Planorhis, Bulimus, Cyclas, Paludina, anda few small Heii- 
cés,—here named in the order of their abundance. 

As the carts with the tents and equipments were not expected to 
arrive at Mokal for an hour or two later, the journey was continued to 
Bipodar and back ; but it was everywhere noticed that the soil of the 


countryside,—very deeply developed,—consists mainly of admixtures. 


of saliniferous alluvium and highly calcareous detrital washings from the 
northern uplands, bearing a burden of more or less miliolite drift. Most 
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of the well-shaits showed the water-level at but a few, (10 to 1s) fect 
from the surface ; but the water, with rare exceptions, turned out to be 
brackish, and, in some cases quite putrid -—presumably through 
underground stagnation. 

From the unusual depth and incoherent nature of the soil, all the 
local well-shafts from Mokal to Bapodar are necessanly lined with stone 
but, fortunately, on the return journey from Bipodar by a different 
route, a newly dug well-shaft was encountered, 7 mile W. by WSW. from 
that village, which furnished an unerring clue to the geological structure 
of the countryside. The well-shaft in question showed the underground 
water-level at a depth of 18 feet from the surface: but the bottom of 
the shaft was found to be 4 feet deeper, The first 18 feet was sunk 
through a very highly calcareous soil, followed by a foot or so of concre- 
tionary lime invading the thoroughly decomposed surface of a bed of 
amygdaloidal lava, altered almost beyond recognition, but passing down- 


ward into fully three feet of somewhat less decayed but unmistakable 


beddedlava with veins of zeolite, and well preserved amygdales. 

It is thus clear, that the Tertiary strata of the coastal regions thin 
down to vanishing point at or in the vicinity of Mokal, and that detrital 
soil, chiefly derived from the Pleistocene miliolite deposits thereafter 
rests directly upon the bedded-lavas of the Deccan-Trap. 

Additions to the State Geological Collection up to the end of March, 
1906, are :— 

























7 Some SLs 
Date, tered Provisional Name. | Locality and Remarks, 
No. 
2-16 | 416 |Rubbly, Russet, Coneretionary) NE. end of Adodar. Stone on 
Limestone. which the Town stands, 
27-32-16 | 417 | Shelly and Coralliferous Conglo-| Underlying 416, Top of well-shaft 
Merate, 200 yards NE. of Adodar, 
27-3-16 | 418 | Shaly, Limy Flagstone. .. | Interbedded with 417, 
27-3-16 | 419 | Blown-sand Limestone. Grey- Large disused Quarry, | mile 
_ brown, eoft. Building-blocks. | WNW. of Adodar. 
=7-3-16 | 420 (Consolidated Shell-sand. Dwirka) Breakers at Low-tide Mark. § mile 
| Group. Large Flagstones, W8SW. of Adodar, 
27-3-16 | 421 | Discoid-pebble of Consolidated) Inland, 300 yds. from Shore, 
Shell-sand Limestone, } mile W by WNW, of Adodar. 
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e 27-3-16 | 422 | Consolidated Shell-eand Lime-|Sutnmit; 96 fect above Seaclovel 
%] | atone, False-bedded, Salik Tobra, NW. by WNW. 
ot Fe of Adodar, 

wid 

-. js 27-3-16 | 423 | Limestone, Fin textured, 


white, but ag Ui Big 
Blocks, 


Disused 
of Silik Tobra,] mile NW. of 
Adodar, 


28-3-16 ‘Sub-recent Consolidated Sand- 


Smal) pit excavation, 3 miles § 
dune Sand | is or aidisiok: . 


by SSE. 


‘Evaported Salt of Occluded! E. side of SSE, ond of Causeway. 
Creek. I? mike NW. of Tunkra, 


Indurated Flagstone. SSE. end of Causeway, 1) miles 
rka Group Beds, NW. of Tunkra, meat 


Recent Semi-fossilised Shells,|Same site as 426, In irregular 
cemented to 426, Patches, 


Consolidated Shell-mand, Soft 
and Much Cancellated. 


28-3-16 


28-3-16 | 426 | Shaly, 


28-3-16 | 427 


28-3-16 ‘Small Quarry, 3 feet thick suriace 


stone. 100 yards WSW. of 
Tonkra, 


Consolidated Shel!-sand. Thick, | Underlying 428 f 12 feat 
Solid, Large Blocks, Stone on cadens kra stands, 


Sea-beach Sand. 200 yds. wide ..|] mile SW. of Tunkrs. 2 


Consolidated Shell-sand .. os ee ene: Same site ag 


Cosrsely-porons, Geny-brown Blown /&. side of Gosa. Oto 8 feet deep, 
sand Limestone, Quarry for State use only. 


| Alluvium of Salt-marsh, With|2 miles NNE. of Tunkra, Spread 
ny over Loca] Areas. 


| Consolidated Shell-sand with|2 miles NE, of Tunkra, Cox 
any Cardo and Cone wide areas of the Great Salt 


* 


30-3-16 | Balt-marsh.|2 miles W, hy WSW. of Mokal, 
Containing water and 





30-3-16 | 436 Coneretionary-lime, Invad De-j At of 20 feet Well-shaft 
cred A ing —. i 


Lava. W. hy WSW. of Bupodar. 
90-3-16 | 437 | Decayed pps Lava ..| Immediately underlying 436, 
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DIGEST OF DIARY. 
April, ror. 





Camp-Station XVII.—Mokal. 
SSE, End of the Village. 


Ae EXCELLENT SITE having been found adjoining, but not too close 

to the dwellings at the SSE. end of the village, the camp was 
established and got into satisfactory order onthe evening of 3oth 
March, 1916;and, upon the following day, all monthly accounts and 
other outstanding items having been prepared, the Clerk of the 
Department was sent to the Hazur Office to adjust matters ; while the 
writer was kept busy in camp drawing up the concluding pages of the 
last monthly report, which was duly completed on the 2nd instant. - 

On the morning of the rst of the month, the structure of the ground 
around and about the village was examined, well-shafts were inspected, 
and the neighbouring reservoirs visited with the following results :-— 

Mokal village is situated nearly cight miles SSE. of the southern 
base of the Barda group of hills on the north-castern margins of the 
Great Salt Marsh of the State ; and is practically hemmed in on the 
NW. and S., by portions of saliniferous alluvium, As a direct, result 
of this peculiar environment, the ground for a radius of fully one mile 
surrounding the village consists of a very deep layer of soil, intensely 
calcareous and volcanic towards the N., NE., E. and SE., but mainly 
composed of salt-marsh alluvium indued with sand and lime from the 
immediately underlying Post-pliocene Dwirka Group beds. 

The water-supply problem is therefore a difficult one to solve ; but 
the difficulty has to some small measure been met by the conservation 
of the surface drainage in dammed up reservoirs on the NE. and SSW. 
sides and farther (about 4 mile) W. and SW. by WSW. of the village. 
When these artificial ponds go dry, as they do at this time of the year, 
the villagers are obliged to resort to their wells ; and these unfortunately, 
are either slightly brackish or quite foul and unfit for domestic purposes, 
Only at one spot, immediately above the gravelly subsoil] of the NE. 
talavy or reservoir of the village, has the surface drainage water been 
found to remain passably potable ;—doubtless by reason of a modicum 
of natural aeration ; for, not many yards distant, where there is a large 
and tolerably deep well-shait, the surface-water percolates down to the 
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impervious clay below, and there, from the presence of a sufficient quan- 
tity of probably introduced as well as inherent orgamic matter, putre- 
faction sooner or later ensues. At the present. time the well-water, 
teeming with myriads of Bacteria, Paramecia, and other notsome germs 
s disgustingly foetid ; but, in spite of that, a few women and children 
were observed washing their clothes and persons therein ;—de gustibus 
non dispulandum. 

From the deep character of the soil, which is said to be very fertile 
at places, all the well-shafts have to be securely lined with stone, right 
down to and even below the water-level : so that the nature of the sub- 

F soil and underlying stone is veiled, excepting where new well-shafts 

are being sunk, as in the instance already recorded of the excavation 
= 4 mile NW. of the neighbouring village of Bapodar, a 
Accompanied by the village potter, a visit was paid on the rst 
instant to the sites from which clay is locally obtained for tile and 
ms earthenware making. The scanty layer of alluvium annually deposited 
’ ' on the bottom of the ¢alav on the SSW. side of the village, dries into a 
" hard, dark-grey coherent mass, which when kneaded with water and the 
ashes of horse-droppings, is “ thrown " into rough tapering short tubes, 
” cut lengthwise, and “ fired " into good, strong native roofing tiles. 

For the fashioning of chatties and other vessels for domestic use, a 
less gritty and more tenacious clay, full of the fibrous roots of dead 
, grasses is somewhat similarly treated -—the material being dug out from 
| the first few superficial inches of the alluvium from a pond, 3} mile SW. 
by WSW. of Mokal ; and it was confidentially told, that the red chatties 
were burnt under intense heat at the bottom, and the black earthen 

pots, at a lower temperature towards the top of each temporary kiln.. 

Around the abovenoted falav, the flat countryside, covered with a 
kind of coarse gravel, is thickly overgrown with big bushes of the thorny 
and leafless Edible Caper, Capparts aphylla, now conspicuous from afar, 
by their dense clusters of vermilion blooms. The buds and young fruit 
of this plant, when pickled in brine, are much esteemed by native epicures, 
who also relish the bright cherry-red, ripe fruit ; which, to strangers, 
have a’sweetish but sickly flavour. 

On the 3rd instant an excursion was taken northward and eastward 
to cover hitherto untraversed ground as follows :—The N. by NNW. 
road leading to Randwdo was taken over a flat alluvial plain for fully 
two miles before anything noteworthy could be observed. A halt was 
| then called to examine a slight eminence thickly strewed with broken 
J stone,—principally fragments of muholite-base driit,—where also a 
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small well-shaft was found, This exposure proved to be essentially 

_ Similar to the one already referred to as occurring 3} mile NW. of Bapodar, 

by exhibiting about rr feet of superficial calcareous soil, lying upon 

nearly one foot of concretionary lime which was found impregnating the 

underlying bed of much decomposed amygdaloidal lava. The under- 
ground water-level stood at a depth of 18 feet from the surface. 

Proceeding thereafter to a distance of 3} miles N. by NNW. of 
Mokal, the surface soil gradually diminished, en rouwfe, to nil, and a wide 
roadside, dry nala-channel, showed the bedded-lava at the surface in a 
cunously characteristic way. The compact bedded-lava, eroded by the 
stream, showed a number of clearly-mapped vertical columns trans- 
versely shorn across to display their polygonal outlines : and these were 
emphasised by the deposition in the joint-fissures of solid masses of con- 
cretionary lime. There can be no doubt that this exposure must at one 
time have been covered with a highly calcareous deposit of some 
sort, and that the lime therefrom must have been dissolved by carbo- 
nated water and carried down to be redeposited in a concretionary, amor- 
phous form between the joint-fissures of the bedded-lava below :—much in 
the same way as it is now reacting at the base of the well-shaft noted above. 

About one mile farther in a NW. direction or one mile SE. of Rana- 
wao, the ground rapidly rises, and becomes increasingly covered with 
deposits of the miliolite-base ; but upon tuning ENE, to meet the main 
highway from Randwdo to Kandorna about 14 miles E. by ESE, of 
Ranawao, the miliolite again becomes deficient, and the N. side of the 
so-called made-road is superficially excavated for some distance for an 
indurated shelly limestone of a ruddy-buff colour, which is not only per- 
forated and constituted by inch-thick laminz, loosely held together, 
but is markedly false-bedded, This deposit which evidently belongs to 
the upper Post-pliocene portion of the Dwarka Group of beds, is largely 
used for metalling the adjoining high road: and, unless tarred and 
dressed with granophyre chips, to take the surface wear and tear, cannot 
be expected to last much longer than a single season, and must there- 
fore be regarded as wasteful. 

A rapid drive along formerly traversed ground ESE. to Wadwala, a 
distance of 4} miles, could not very well be avoided ; but, during that 
drive, from frequent peeps into wayside well-shafts, it was observed, that 
while the underground water-level of good potable water in the neigh- 
bourhood of Randwdo, varied from 5 to 1o feet from the surface, that of 
Wadwala had subsided to a depth of no less than 32 feet. 
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From the SW. end of Wadwala, a somewhat stragelin 
across country, frequently encroached upon by fields under cultivation 
was followed for a distance of 4} miles SW. to the camp at Mokal, The 
surface of the land at Wadwala bearing an appreciably deep deposit 
ef denuded and decayed miliolite-base stone, gradually assumed a vol- 
eanic character, thickly and then thinly strewed with miliolite drift, 
until about 1} miles NE. of Mokal the decayed subsoil of amygdaloidal 
lava appeared at the surface, only to be speedily obscured farther Sw. 
by increasingly deep, deposits of highly calcareous detrital soil, tailing 
down westwardly to be absorbed by the alluvium of the Great Salt 
Marsh. 
Tents were struck at 6 a.m., and the camp was transferred to Navi- 
handar on the estuary of the river Bhddar,—the largest and longest 
’ watercourse in the Province of Kathidwar. The SW. cart-road from 
Mokal runs over an undulating gravel-strewed alluvial plain, for about 
} mile before entering wpon the dry, flat bottom of the Great Salt Marsh, 
which is more or less deeply covered with a dark-grey, sterile alluvium, 
and continues over an unvarying stretch of simular ground for fully 34 
miles; to a barely perceptible elevation, called Janga Bet, where the 
alluvium is strewed with some coarse sand, gravel and comminuted 
marine shells. From Janga Bet the temporary track swerves S, by 
SSW, to the village of Gosa, the outlying geological structure of which 
has already been noted, as being characterised by a tolerably deep depo- 
sit of inferior, soft, grevish-brown limestone. 

These deposits of inferior stone are quarried for State local use in 
the immediate neighbourhoods of Gosa and the small village of Nawa- 
gim or Rajpurd, } mile farther SE, The small pit-quarry on the brow of 
the hillock, about 100 vards NW. of Nawagam shows a soft, light-brown 
perforated but fairly compact stone, which gradually merges, at a depth 
of about 12 feet into a very porous shelly stratum ; and ordinary building- 
blocks, are hewn out of this deposit down to about 15 feet, when opera- 
tions are stopped by the underground water level from the surface of the 
less pervious hard, shelly and sandy limestone of the Dwarka Group. 

From the abovenoted site, a southward course was taken ‘for the 
purpose of observing the sea-shore between Gosa and Navibandar ; and 
‘¢ was found, that with but unimportant variations, chiefly with refer- 
ence to the proportionate breadths of beach, blown sand-dunes, and 
inlying outcrops of Dwarka Group shelly and sandy limestones, which 
also reappear as low-tide mark breakers, the structure of the shore-lands 
is wonderfully uniform, until interrupted by the narrow and shallow 
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spit-bound mouth of the river Bhadar, } mile NW. by WNW. of the town a 
of Navibandar. a“ } 
Returning from the shore to the main-road 2 miles NW, by NNW. ae \ 
of Navibandar, a bold exposure of much cancellated, hard and splintery | 
Dwarka Group limestone, emerges by the roadside from its covering of Pati 
blown sand ; but the latter does not at this part, show signs of consoli- a. 
dating upon the former. Farther SE., however, in the neighbourhood aa 
of Sikasa, a well-shaft, situated about 300 yards N. by NNE, of that 





village, disclosed the Dwarka limestone in flaggy beds for about 5 feet in 
total thickness, overlaid by some 3 feet of gravelly and shelly conglome- a Rh 
tate very heavily impregnated with lime. A rapid drive over ground Pat 
of this character in a SW. direction for } mile, brought the party to the 
N. bank of the Bhddar Creek where it bends north-westward to its spit- <n 
bound outlet to the sea. Here, a ferry-boat remains in readiness to con- - 1 
vey passengers and vehicles southward for about 500 yards across the Be 
Creek to the landing-stage of Navibandar, a 
Specimens collected, registered and added to the State Geological 7 
Collection are :— \ Fane 


(Gritty, Limy Conglomerate. Undertying Aluvium of Talay, ‘a 
Subsoil. Probably Post-Gaj. NE. end of Mokal. = 
| Potter’s-clay for Native Tiles, Alluvium of Talay SSW. side of ; A 
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14-16 | Potter’s-c Aeron and) Alluvium of rsa i mile SW. by 
| Superior E WSW. of Moka’ ry 
4-16 | Compact Bedded-ln Dry bed of Rotdside Nala, 3} : 
| jointed. miles NNW. by N. of of Mokal. wa 
54-16 Coneretionsry Lime, filling/Same site as 441, i 
| Vertical joints in 441. | ry 
eisc ) 3 {- 
 3+4-16 Miliolite-base Conglomerate. 6 to|One mile SE. of Randwio. ay 
12 inches on Surface. \ 
$-4-16 Shelly andl Sondy Li most one!l} miles E, by ESE. of Randwio. mi. 
Raddy and False-bedded, | Roadside. Used for Metalling. = 


4-16 | Decayed Amygdaloidal Lava ../Surface. 14] miles NE. of Mokal., 
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channel: so that it was very late in the evening of the 5th instant, 
before working arrangements could be completed at the Traveller's Bun- 
galow ;—situated as noted above. Time, however, was afforded for a 
few local observations, while the camp equipments were being trans- 
ferred from the ferry landing-stage to the bungalow, as follows :— 


Navibandar, where the channel is spanned by a substantial bridge with “a 


considerable area of overflows, usually smothered with mud, where 
countless small mud-skippers, “(Periophthalmus koelreutert), beloved of 












.. Surface, Small Ooarry, 100 yards. wees. 
N. by NNW. of Nawagim, = 


(Underlying 447 at depth of 12 
| feet. 


64-16 | 449 |Shelly and Sandy Limestone. Breakers at Low-tide, Shore. i % 


Post-Pliocene Dwirka Beds, } miles SSE, of Goaa. = 
Post-Pliocene Limestone. ..(2 miles N..by NNW. of Navi- 
bandar. 





54-16 | 450 





54-16 | 451 Limy, Gravelly and Shelly Top of Large Well-shaft 200 yards | 
Conglomeratic Subsoil, 3 tot oro, N, by NNE. af the village +4 


thick at Surtace, of Sikisa, 


Compact, slightly Cancellated/ Immediately underlying 451, ciel . = 
Fisgey Limestone of the| 5 feet in total thickness, and = 01a 
Dwarka Group of Beds, overlying Rubbly Beds. 3 





Camp-Station XVIII.—Navibandar. | we r i 
Traveller's Bungalow, About 200 yards SE. of the Town, a 


N ARRIVAL at the bend of the N. bank of the estuary of the river 

Bhadar, opposite to Navibandar Town, considerable delays were 
ecasioned by crossing over the Creek of about 3 furlongs wide in 
a dat bottomed ferry-boat propelled by poles over a r2-feet deep 


The mouth of the great Bhadar river opens into its wide estuarine as 
Creek, abounding in many kinds of edible fish, about 14 miles ENE, of oe 


locks and flood-gates. kg the N. end of the ferry, there is a Oa ‘ 
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Parsi gourmets, may be watched disporting, in, out and over the slimy 
sludge with lightning rapidity. Some of the native boatmen on the 
river banks confessed that they were rarely good to eat. 

Deepening at the ferry and then shallowimg down seaward, the 
creek is deflected, from its E. to W. course, to the NW.,—by a sandy 
bar.—to terminate ina backwater, a trifle over 2 miles to the NW, of 
Navibandar ; but, before reaching to that distance, breaks through by 
a narrow sand-silted outlet, into the open sea, some { miles NW. of 
Navibandar, The sandy bar, or spit, is not by any means an insub- 
stantial, shifting entity ; but can boast of a solid foundation of hard. 
consolidated shelly and sandy limestone, which forms big breakers 
seaward at low-tide mark, and is re-exposed inland beyond the limits 
of the wolian dunes. 

On the morning of the 6th instant, further local observatians were 
made, during a traverse coastwise, on foot. Boldly situated at the 
inland edge of the sand-dunes facing the open sea at a distance of scar- 
cely over 150 yards trom low-tide mark, the Traveller's Bungalow 1s 
invested by an appreciable quantity of blown-sand, which is fortunately 
retained in sifw as follows :—From 50 up to 300 feet SW., or seaward, 
the sand is held firmly together by closely growing bunches of sedges, 
and the ground slopes gently downward to a line of the still more strongly 
binding creeper Ipomaa biloba, with its powerful network of under- 
ground stems, which keeps the shifting particles together in a continuous 
level ridge. So soon as this bindweed ceases to grow, the sand drops 
down perceptibly, forming a kind of small pseudoscarp ; and, after a 
a short level space, by reason of the disposition of the underlying beds 
of rock, the beach slopes down abruptly to low-tide mark. Farther 
NW. and also about } mile SE., the beach inclines gently to terminate 
at low-tide mark, in a line of thick flagstone breakers, belonging to the 
Dwarka Group of beds; and this, with but unimportant variations, 
characterises the coast-line all the way from Porbandar to Navibandar. 

Evidence of the elevation of the land during Sub-recent and Recent 
times is admirably afforded on the W. side of Navibandar, where a steep 
to to 12 feet scarp, of false-bedded, subaenally consolidated, soft shell- 
sand, forming part of the foundations of the town, ts conspicuously 
exposed ; and can be directly traced in continuity with the lower 
portion of the existing seaward dunes. There can be no doubt that 
this stone represents the wreck of a former dune, which once bordered 
the beach, but has since acquired its present inland nosition by the 
raising of that beach. 
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Continuing north-westward along the sandy-bar 4 mile NW. by 


WNW. of Navibandar and near to the partially silted mouth of the 
Bhidar Creek, the shore-line at low-water mark, as usual, exhibited 
its share of breakers of thick flagstones. On the spit itself the latter 
were, of course, deeply obscured by sand ; but on the SW. bank of the 
creek they were re-exposed in fine development of sound and compact 
very thick slabs of stone which would be well worth extracting for build- 
ing purposes if it were not for its unfavourable situation. The same 
stone, however, all along the coastal region from Tunkra to Navibandar 
and doubtless far beyond, obtains in great abundance ; but like all other 
sedimentary deposits varies in texture, structure, and ergo utility, both 


horizontally and vertically ; so that profitable quarrying sites,—save - 


those that are superficially apparent or accidentally disclosed by well- 
shafts,—can only be indicated with certitude by systematic prospecting 
with a calyx or other boring drill. 

On the 7th instant a careful traverse along the coast, as well as 
inland, was made SE., as far as to Ratia Nes; and thereafter across 
the wide alluvial and agricultural plains to the village of Garej, and back 
by wav of the Bhidar Bridge and Sikisa,—with the following results > 
On the upper or inland road to Ratia a brief pause was made to view 
the ruins of an old stone-stepped sacred tank on the SW. side of the 
road { mile SE. of Navibandar, where the ground on the NE. rises into 
a low continuous ridge of rough surfaced flaggy limestone of the Dwirka 
Group of beds, which is intermittently incrusted with thin deposits 
of coarse and much decayed limestone bearing a strong miliolitic facies. 

It may here be noted that it is often very difficult to distinguish, 
by the naked eye alone, between deposits of miliolite and the frequently 
decayed, finer-grained limestones of the underlying Dwairka Group ; 
so that occasional errors may creep in, in spite of every care, while giving 
provisional names to these rocks. Such errors, however, can of course 
be to a measure rectified as soon as specimens are examined in the 
laboratory. 

Proceeding Rutiawards, the elongated, comparatively narrow 
ridge gradually rises to an elevation of 39 feet above the sea-level, and 
is then depressed but continuous, and traversed by the roadway all 
along to Ritia. Samples of its stone were taken at 2 miles SE. of Navi- 
bandar, as fairly typical, and were found to consist of a compact shelly 
and sandy limestone, false-bedded, prone to vary both horizontally 
and vertically, and to yield large flagstones, frequently sound and solid, 
ot from 6 inches to over 2 feet in thickness. The ridge runs in a sub- 
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parallel direction about 4} mile inland from the sea-shore, and is thickly 
‘clothed’ with clumps of very robust Euphorbia nereifolia, now in full 
bloom. ‘The bland, inspissated latex of this plant, it appears, was sent 
to Europe with a view to extracting rubber therefrom, but the reports 
were so discouraging that no iurther effort was made, since 1891, to 
utilise the product. In spite of this, the writer sent samples to London, 
and received a very favourable report from an expert analyst, who 
stated that the substance was so rich in gutta-percha and other utilisable 
by-products that it would be well worth while sending test consignments 
to him, with the assurance that they would find a ready and probably 
profitable market. 

All the way along from Ritia to Ritia Nes, and beyond, the ridge 
of Euphorbia-clad, flaggy limestone continues unabated, Well-shafts 
by the roadside and towards the sea-board were frequently inspected;— 
notably 2} miles SE. of Navibandar,—and found to show a very consi- 
derable depth of sound and solid but more or less cancellated limestone 
in many varieties of texture and exceedingly hard; from which enormous 
quantities of useful, salt-spray resisting, building-stone in blocks of large 
size and thickness could be readily extracted ; but, as uniformity of, 
quality cannot be guaranteed, it is very doubtful whether prices could 
be realised to cover even cartage expenses, except for short distances, 

Some of these Dwirka Beds of comminuted shells and grains of 
sand, compacted firmly together, are of such fine texture, as to yield 
polishable blocks of a distinctly ornamental character : but, when found 
and followed, almost invariably degenerate within a few feet into lissile 
flagstones or very coarse porous material. Other beds of fine and 
apparently azoic composition, may yield a few big blocks free from rifts 
and flaws, to suddenly pass into heterogeneous masses full of ungainly 
perforations ; but, nevertheless tough and strong enough for building- 
blocks of inferior grades and qualities ; so that, on the whole, the vast 
development of material, undoubtedly present, could scarcely be turned 
to profitable account, except by systematic prospecting with boring 
appliances ; or, by desultory quarrying, to meet local demands. It 


_ may confidently be anticipated that these remarks will be found subs- 


tantially correct with reference to the entire sea-board and its immediate 
inland areas, right down southward to Midhavpur and beyond, 

At Ratsa Nes, which is situated fully } mile inland from the seaside, 
a slight eminence to the N. by NNW. of the village is incrusted with a 
deposit of from 12 to 18 inches thick of an indurated, much cancellated, 
ruddy-buif limestone, excavated occasionally for local use, which overlies 
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a deep layer of earthy, calcareous and concretion-bearing soil, and 


appears to be part of a denuded miliolite formation, which doubtless 
_ immediately overlies beds of the Dwarka Group. 

After traversing about 4 mile of arable land in a north-easterly 
direction, the dark-grey sterile alluvium of the southern terminal branch 
of the Great Salt Marsh, was once more encountered, and rapidly crossed 
for 1} miles to reach a wide stretch of ploughed plam-land, to re-enter 
upon another mile of barren alluvium, approaching the SW. bank of 
the Ojat river. The dry bed of this channel, which wends its way NW., 
is excavated about a mile or so SSE. of Gare] for large irregular lumps 
of consolidated recent shell sand thickly coated with tenacious allu- 
vium, bearing large quantities of recent shells, principally of the marine- 
littoral genera Pholas, Lithodomus, Cardium, Tellina, Mya and many 
more. This material closely resembles, and is doubtless a continuation 
of the deposit already noted as occurring superficially at Sikisa,—which 
is situated about 5 miles farther WNW.— and is used for building huts 
and cottages in the neighbouring town of Garej. So scarce, indeed, is 
building material in its vicinity that the inhabitants of Garej generally 
resort to making large blocks of the ubiquitous alluvial mud, which are 
simply sundried and used for the erection of their dwellings. 

From Garej, which suffers at this time of the year from a lack of 
drinking water, to be deluged during the monsoons, a water course was 
found winding W. by WSW. to the E. bank of the Bhiadar river where it 
debouches into the Creek leading still farther W. to Navibandar. Near 
by this mouth the river was crossed over the substantial lock-bridge 
to the village of Sikisa, and thence to the ferry and back to camp over 
previously traversed ground. 

Tents having previously been sent on to Balej, the Bungalow at 
Navibandar was quitted on the oth instant, and a slightly different, 
somewhat more seaward route was followed as far as Ritia so as to 
afford an opportunity for examining the sea-shore. The roadway 
SE. from Navibandar commences at a distance of } mile from the shore 
and gradually recedes inland towards Ritia which lies upon the ridge 
of Dwirka limestone 4 mile distant from the sea, On its westward 
aspect, up to within 4 mile NNW. of Riitia the shore-lands are covered 
by more or less blown-sand, practically typified by the following method 


of distribution which was recorded at 14 miles SE. by SSE. from Navi- 


bandar ‘-—Commencing at low-water mark, the sandy beach with its 
line of Dwirka-limestone breakers, slopes gently upward for about 
200 feet where a sudden low scarp, a few feet in height, is developed 
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dn the form of a ridge by the spreading growths of Ipomaa biloha and 


a few tufts of coarse grass. The ridge thus conserved, slopes down at 
about 40 degrees, to merge into a deeply sand covered plain, where a 
few Jpomcas and an increasing number of small knots of sedges bind 
the sand together in miniature heaps, each but a few inches high. There 
is about 100 yards of this flat expanse, of sand which re-caught by the 
sea breezes, would be blown far and wide inland if it were not for the 
saving presence of many bushes of Heliotropium marifolinm, which 
arrests and holds the sand firmly to form, what has already been descnibed 
as a roches moutonnées-dune. Thereafter the diminished sand is spread 
but thinly over the land to gradually vanish altogether. 

Although an appreciable proportion of blown-sand mingles freely 
with the soil on the leeward side of the stretch of dunes, the ground, 
which is flooded during the monsoons, does not appear to suffer from 
infertility ; for it was noticed that this strip of land invariably yields 
good crops of carrots, chillies, brinjals and even cereals when placed under 
cultivation, notwithstanding the brackish well-water with which the 
crops are irrigated at this time of the year. 

In the absence of any other route, or of likely noteworthy occur- 
rences out of the beaten track, ground already covered was unavoidably 
retraversed as far as Ratia Nes ; after which the SE. by SSE. roadway 
was followed to the hamlet of Untra. Here, about 25 yards SW. of the 
few cottages, there is the remains of a small abandoned quarry, with a 
deep dried-up well by its side. The exposure thus afforded showed a 
superficial deposit of about 3 feet of soft, decayed, gritty, brown-grey 
limestone, underlaid by thick beds of solid, slightly cancellated, hard, 
ruddy but splintery limestone. The whole of this deposit to a depth of 
20 feet, as well as the overlying soft stone, presumably a consolidated 
blown-sand, evidently belongs to the Dwirka Group of beds, and forms 
part of the very extensive ridge that runs parallel to the shore line at a 
mean distanceof 4 mile therefrom. Strangely enough, the soit and 
comparatively valueless, almost rotten superficial stone has alone been 
extracted and utilised from this site, while the underlying, really strong 
and durable material has been left severely alone ; probably for want 
of tools, or lack of demand for good building material. 

From Untra the road swerves SE. and then E. towards the town 
of Balej which was observed to be flanked on both sides, (E. and W.), 
by ridge-like eminences. Qn approaching Balej, the westward ridge, 
nearly } mile W. by WNW, of the town was found to be superficially 
constituted by thick beds of stone,—tilted at an angle of 45 degrees, but 
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nevertheless merely false-bedded ;—sound and strong-looking enough, = 
he but decomposed almost to rottenness to the very core when touched. _ a we 
et The stone probably belongs to the Dwarka Group. a on 














- eee e. spechincns collectedt and added to the Registered: List are as follows:— ee a 
vt. ) Pas 
1A- «a ‘Cy 
Sy Provisional] Name. Locality and Remarks, Ri 
= tye — 
2. 6-4-16 | 453 |Sub-recent Consolidated Raised-|10 to 15 feet Sea-scarp, NW. End _ 


Fe p : ! dune Sand. ' of Navibandar Town. | a i , 


er ae H4-1t 44 | Dwirkn Limestone, Sandy and|Breakers at Low-tide Mark, 4} ae 
Se Shelly Thick Flagstones, mile NW. by WNW. of Navi- . [ae 












ie + bandar, 1 7 oo ¥ S 
ean 6-4-16 | 455 | Dwirka Limestone. Valee-beddadSW, Hank. of: Rh dav’ Ceesk® aE yas: 
+ | Thick Flagstones. | 300 yards. E. of 454, on 
, ee 
7-4-16 | 456 |Shellsand of Beach. Medinm| 100 yards SW. of Traveller's a 








grained. Bangalow, Navibandar, a 
457 | Dwirka Limestone, Compact,|Roadside Ridge, 2 miles SE. of a 
Shelly and Sandy, Thick) Navibandar, False-bedded, atl: “§ ty 
Flagstomes, 1) to 





74-16 


grey, Gritty Dwarka Lime-| 
stone. O ft. of 2 ft. thick Beda. 


Dwirka Limestone. Compact, in| Immediately underlying 458. 5) eats = 
ft, Gin, to 2 ft. thick Bods. Rae 
ai ; raged or ihe . of Ruitia Nes us 


Dwirka Limestone. Light-ruddy|200 yards N. by NNW. of Ratia ae). 
di Cancellated, Nes, Surface, 12 to 18 inches, .- (oe 


74-16 | 462 | Sub-recent Consolidated Raised-|Bed of River Ojat. 1 mile SSE, re 
beach Limy-sand. of Garej. To depth of 6 feet. ' gag 


9-4-16 | 463 | Dwirka Limestone. Decayed|Surface, Small Quarry. 3 feet em 
Coarse, Gritty and Brown-grey.| thick. Cancellated 25 yards SW. - his 
of Untra. . Mees 








Tasddy: Contes kat Splintecy. Perforated, Underlying 463. we 
Coarse,|Ridge-slope ranning from NW. to ee 


Gritty moneli SE. Nearly } mile W. by WNW. “eae 
with Apparent Dip o ot Bale}. ’ ae 
vt 
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Camp-Station XIX —Balej. 
Field-side, 300 yards SW. by SSW. of the Town. 


()s ARRIVAL AT BaLey on the forenoon of the 9th instant, the 
"tents were found properly pitched, facing due north, as directed, 
at the edge of a broad wheat-feld and by the side of a cool and 
shady garden, not too close to the town : and, as everything had been 
satisfactorily arranged beforehand, work was resumed forthwith, by 
overhauling, testing, trimming, and packing the specimens that had 
been collected by the way, as recorded above. 

-On the morning of the 1oth instant, an excursion was taken along 
the sea-coast lands SE., a5 far as the village of Gorsar, and from thence 
inland NE, to Kadach, and back by way of the NE. side of Bale; to 
the Camp, as follows :— A well-shaft near the small falav about ? mile 
due W. of Balej disclosed a deep layer of soil resting upon a base of solid, 
cancellated Dwadrka limestone; but the msing ground immediately 
to the W. of the falav, upon which a small Nes, or group of shepherd's 
dwellings is built, was found to be composed of a thin crust, of about 
r2 inches deep, of a coarse, gritty, brown-grey, honeycombed limestone. 

Proceeding by a well-beaten cart-track towards the sea-shore, a 
shallow quarry with an adjoining well-shaft, 300 yards WSW. by SW. 
of the Nes, or about 4-5 mile WSW. of Bale] was next examined, and 
found to show no less than 25 feet of solid, sandy and shelly Dwarka- 
limestone, in beds varying from 2 to 24 feet thick of slightly cancellated 
structure and medium texture, and this stone was traced seaward for 
300 yards WSW, to become obscured by blown-sand, 4 mile from the 
sea-side, where sand-dunes intervene ; but the Dwarka limestone re- 
appears, as usual, in the form of big breakers at low-tide mark. 

Uniformity of geological structure, as recorded above, characterises 
the shore borderland right away down to Gorsar, where there appears 
to be a break of continuity occasioned by the erosion of a former creek. 
Before reaching Gorsar, however, a roadside well-shaft, $ mile nearly 
due W, of the small village of Mocha, was inspected, and noted to be 
sunk for about 26 feet through thick beds of a slightly cancellated, 
pale-buff, finely textured limestone strongly resembling a miliolite, but 
probably referable to the much older Dwarka Group of deposits. 

On reaching Gorsar, which is encroached upon by blown-sands, the 
village was observed to stand upon a substratum of gritty, grey-brown, 
much perforated and somewhat decayed limestone, probably blown- 
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sand, which is desultorily dug out for building purposes on the SSE. 


side of the village, on the NE. side of which a well-shaft discloses the » 


came material to a depth of 15 feet. 

From Gorsar the land slopes down decidedly inland north-eastwardly 
for over 14 miles to reach a depression 18 feet only above datum, in the 
midst of which the town of Kadach, surrounded by alluvial deposits, i3 
built. An examination of well-shafts near by and at the bottom of the 
now dry falav, to the immediate SW. of Kadach, showed a substratum 
of rubbly and then of thin flaggy, compact, ruddy-limestones of fine 
texture, evidently belonging to the upper portion of the Dwarka Group, 
but of no commercial value. 

The return journey from Kadach, was taken in a NW. by WNW. 
direction ;—first of all, over 1} miles of an alluvial plain and afterwards 
over increasingly rough and rutty, stony ground formed by coarse, ruddy 
Dwarka-limestones, which gradually became so false-bedded as ‘to appa- 
rently dip at places, at an angle of 30°. This was especially noticeable 
at the superficial excavations on the edge of a ridge of flagey material, 
closely resembling the Kunchri-stone, and composed of a compact, 
ruddy, shelly and sandy limestone of the Dwarka Group, 500 yards N. 
by NNE. of Rabdrikhira ;—whence Balej draws its principal supplies of 
building stone. 

Tents were struck at 6a.m., and the camp was rapidly transferreé to 
Madhavpur on the 13th instant, where everything was got into satisfactory 
working order before the close of the day. The town was found crowded 
ta repletion with strangers from all parts of the Province, who had 
journeyed thither to attend a Hindu festival and fair ; so that some small 
difficulty was experienced at the outset in catering for camp comforts. 

As the borderland between Balej and the sea-shore had already 
been fully investigated, as far southward as the village of Gorsar, the 
inland rough route SSE. was followed, skirting the long narrow ridge of 
rock which runs approximately in the same direction, and which was 
found by frequent inspections of the ridge slopes and of well-shafts at its 
base, to be composed entirely of Dwirka limestones, principally of a 
medium shelly and sandy character, more or less penetrated by perfora 
tions, practically false-bedded, and developed in flaggy beds of very 

variable thickness. As instances of local variations, it may be noted 
that at about 1? miles SE. by SSE. of Balej, a roadside well-shaft, near 
the basal border of the ridge, disclosed no less than 18 feet of solid, but 
somewhat freely perforated, yet strong and tough Dwarka limestone 
capable of being extracted in big blocks suitable for general building 
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purposes ; while farther along, still SSE. at about the parallel of the 
highest summit of the ridge, (80 feet above the sea-level), and } mile 
NNW. of the village of Mocha, a well-shaft on the level of the plain 
below, revealed a remnant of only 4 feet of solid stone,—probably the 
base of the hill-forming strata,—overlying 15 feet of rubbly rock and 
earthy, limy, conglomerate. ) 

Approaching Gorsar, barely 4 mule farther 5E., the long ridge of 
Dwarka limestone gradually diminishes to practically nil towards the 
precincts of the village ; where, as already noted, the stone assumes a 
different lithological character, becoming rubbly, and finally, conglo- 
meratic below, The course of the journey was thereafter altered, and 
the road S., across an incursion of sand-lunes, was followed to the Nes 
or abode of shepherds, 4 mile S$. of Gorsar. At this spot, the ridge of 
Dwarka limestone gradually rises and continues south-eastwardly tor a 
couple of miles to the height of 79 feet above datum, at Chingaria ; 
while the intervening borderland, nearly 3 mile broad, is constituted 
by an undulating rock-plain, the geological structure of which is revealed 
by sundry artificial exposures , to wit, by a well-shaft on the roadside 
near Gorsar Nes, which shows 10 feet of solid, slightly cancellated, 
Dwarka limestone, apparently in only two beds, each about 5 feet thick ; 
and, about } mile SW. by WSW. of Chingaria and nearly S00 yards dis- 
tant from the shore, where there is an abandoned superficial quarry 
alongside of a deep well-shaft. The latter shows 15 feet of solid cancel- 
lated alternating fine and coarse sub-recent, soft, consolidated shell- 
sand, similar to that which has been so extensively quarried, (for the 
erection of the poorer class of native dwelling-houses), along the six- 
miles of shore-land from near Porbandar City to Kunchri and beyond, 
Underlying this come the beds of hard shelly and sandy limestone of the 
Dwarka Group ;—but to what thickness they actually attain, can only be 
ascertained by core-drilling. 

From Chingaria to Pata, the 1} mile SE. road runs over ground 
geologically similar in all respects to the preceding line of route from 
Gorsar to Chingaria ; but it was observed, upon approaching Pata, that 
the shore-line—which is broken through by the erosion of a rivulet,— 
is varied on its NW. aspect by increased accumulations of blown-sand, 
which surmounting and covering a small elevation of land thereabouts, 
rises to an elevation of 43 feet above the sea-level, and is collected and 
held in place in semblance of a group of elongated knolls by the agency 
of thickly-growing shoots of a stunted variety of the Common or Barbados 
Aloe —Aloe Vera, 
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After crossing the dry bed of the stream, 4 mile 5, of Pata, the road- 
way once more approaches the sea-shore, at a mean distance of between 
200 and 300 yards therefrom, shielded to westward by a long, low, even 
sand-dune ridge ; while the Dwirka limestone elevations were observed 
to recede farther inland and to swerve eastward leaving a wide sub- 
tnangular plain, with its base, stretching from their southern termination 
to the sea-side town of Madhavpur, 1? miles to the south thereof. 

Specimens added to the State Geological Collection are as follows :— 


Provisional Name. Locality and Remarks, 
















Dewirka Limestone, Superficially| Slight ae yare N. side of Nea, 
Decayed, Coarse and Gritty. L mile W. of Balej. 


Dwirka Limestone. Shelly,/: milo WSW. of Balej and } mile 
Sandy, Indurated Flagstones. from Sea-ahore. 


Dwirka Limestone. Shelly, 
Sandy, Compact Flagstones, from Sea-gho 
-| 460 ee Blown-sand of Beach, - «(12 miles WSW. of Balej. 


-| 470 |Palo-buff, Finely-textured and/Surface to 26 feet of Well-shafi. 


1 mile WSW. of ze Rela) and } mile 





Sightly-cancellated Limerton + mile nearly duc W. of Mocha, 
«| 471) | Dyrirksa Limestone. Grey-brown,/SSE. end of Goraar, Stone on 
Gritty, Rubbly, Deeayed, which the village stands, 


-| 472 |Dewirka Limestone. Raddy.) 150 yards SSW. of Kadach, To 
Rubbly and Shaloid. depth of 15 fect of Woll-shaft. 


-| 473 |Dwirka Limestone. Compact,/Bottom of dry Talay. @) to 80 
Raddy thin Flagstones. yards SW. of Kadach. 


474 (Dwirka Limestone. comm pls et © Quarry. 500 yards N, by 
| Ruddy, Shelly and Sandy, NNE. of Rabdrikhira, Bale}, 


Dwitka Limestone. Shelly,Sandy/E. edge of Ridge, Viniwao, 1) 
| Compact but Cancellated, | miles, SE. by SSE, of Bale}. 


-| 470 |Dewirka Limestone. Shelly ua Well-shaft Surface, E. edge of 
babes 
| Sandy, compact but Gancellated.| Ridge } mile NNW. of Mocha. 


6.) 477 Sub- ‘recent, Consolidated Shell-(Top of 17 feet deop well emma 
eand., Overlapping 478, mile SW. by WSW. of ¢ 


y Underlying 477 at depth of 15 feet 


479 Slightly Coherent Sand, Ease/Nearly 1 mile W. of Pita, and 
| af Aloe covéred Dune. 300 yards from Sea-shore, 
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‘Van’, NE. Outskirts of the Town. 


C)" oF THE BEST POSSIRLE of camping grounds was secured at a 

place called the ‘ Van':—a veritable Banyan-bower on one 
side with a plantation of tall densely-crowded Coconut-palms on 
the other, The Banyan-bower is worthy of special notice in this place, as 
being one of the finest of its kind in the State, if not in the Province. 
It is constituted by only a couple of comparatively small trees of 
Ficus bengalensis, whose wide spreading branches have thrown down a 
vast succession of aerial roots, many of which have penetrated into the 
ground to form huge pillars out-rivalling the parent stem in size. The 
shady retreat beneath the canopy formed by these twain trees, covers 
afi area of more than 150 by 80 feet, and affords ample space for the 
accommodation of a fairly large chilet, single-poled tent. 

On arrival at Madhavpur, the town and its surroundings were found 
crowded with a motley throng of visitors to a local Hindu fair called 
Madhavrai Meda, and some difficulty was experienced in domestic camp 
arrangements, and in procuring attendance for camp and field work, 
until the close of festivities on the evening of the 16th instant. The 
brief respite thus occasioned, however, was turned to good account by 
drafting sketches and mapping in connection with the production of 
the Third Quarterly Report. 

On the 17th instant a bullock-cart was secured for the purpose of 
Carving specimens while investigating the geological structure of the 
coastal borderland on foot from Madhavpur southward to the boundary 
of the State. It has already been recorded that the sea-shore to the 
NW. of the town, extends towards Pita in a long, narrow, unbroken 
stretch of low sand dunes, which slope down on the leeward side to a wide 
undulating rock plain ; but to the SE. of Madhavpur, it was found that 
the sand dunes encroach inland for fully half-a-mile, forming ridges of 
high hillocks in the neighbourhood of the town. On reaching one of 
these eminences, 4 mile ESE. of Madhavpur, a tolerably large open 
quarry, called Babudi Khan, was revealed where excavations to depths 
of from 17 to 34 feet, stopped by the underground, water-level, afforded 
am ple evidence of the nature of the deposits ; which are nothing more 
nor less than consolidated accumulations of blown-sand, 

Babudi Khéin, at its western, most deeply worked * back” shows a 
superficial depth of loosely coherent blown-sand, which passes almost 








"Narrative Report — deve rans 
abruptly into freely cancellated, and finally, into compact but soft and 


porous, light-brown stone. At places, where the surface loose-sand 
has been blown away by the prevailing winds so as to expose the already 


- eancellated and sub-aerially consolidated stone, subsequent sunbaking 


has been instrumental in converting the upper parts into very hard and 
splintery material. The stone from all parts of the quarry, right 
down to the underground water-level, is usually cut into blocks 15 by 


_ 12 by 6 inches in dimensions, and these are sold, at the quarry, at from 


Rs. 2 to Rs. 2-4 annas, per 100 blocks, and consumed locally for erecting 
walls and native cottages. 

It is both interesting and instructive to observe that the cancel- 
lations in this and other raised sand-<lunes which have become sub- 
aerially consolidated, are practically limited to the superficial portions, 
and differ somewhat in character from the perforations that are found 
in deposits of littoral-marine origin,—such as those of the Dwarka and 
Miliolite beds of limestone. They are evidently, for the most part, 
produced by the bindweeds, sedges, grasses and other plants which play 
such an important part in preventing the whole of the sand from being 
blown inland. Some of the larger spaces, moreover, are possibly the 


remains of the burrows of certain agamoid lizards (Uromastix hardwicket) 


which abound hereabouts. 

From Babudi Khan south-eastward to the southernmost limit of the 
State, the blown-sand encroaches inland, forming sporadic dome-shaped 
dunes at intervals, for fully half-a-mile, making it impracticable for the 
roadway to approach any nearer to the shore, which forms an irregular 
and interrupted sloping beach to the level of the sea. A little farther 
inland the surface of the ground grows rocky and rugged, with the cor- 
rugated upturmed edges of false-bedded, indurated, sandy, buff-coloured, 
very variable beds of Dwarka limestones, which ultimately nse into a 
multitude of hillocks trending roughly northward from the State-boundary 
to Mulmadhavpur, 1} miles, to tail down westward in the direction of 
Madhavpur, for about 7oo yards. The stone yielded by these hillocks 
especially on their eastward slopes, frequently exhibits a marked appar- 
ent dip from SW. to NE.; sometimes in thick, solid flags suitable for build 
ing purposes ; but, unfortunately such developments are found to be 
very limited, and liable to vary suddenly into coarse fissile or splintery 
textures, so that little if any use has been made, even locally, of the 
material. 

Qn the 1gth instant, after all samples had been trimmed, registered 


and carefully packed, the exploration of the neighbourhood of Mul- 
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madhavpur was resumed as follows :—About one mile W. of the village, 
a large abandoned quarry was examined and found to be nothing more 
nor less than a complete excision of an inland raised sand-dune from 
summit to base: a foot or so deep at one end and 25 feet at the other, 
The stone yielded from this excavation is precisely similar to that now 
being extracted from Babudi Khan noted above, and would no doubt 
furnish material durable enough for small native dwellings, if properly 
laid and plastered with good mortar -—the materials for which are locally 
superabundant. 

For about a mile to the W., and thereafter to the 5. and trending 
SE. to the boundary of the State, from the village of Mulmadhavpur, 
are numerous billocks of a compact ruddy to buif Dwarka limestone, 
much false-bedded, and flaggy, which only occasionally yield large and 
sound building blocks, but can nevertheless be turned to profitable 
account by being excavated within reasonable limits, for kilning into 
exceptionally strong lime. Much of the superficial soil on these hilly 
slopes,’ indeed, is actually converted by epigene reactions into a kind 
of earthy lime, which is dug out by the villagers as wanted, for plastering 
the floors and walls of their clwellings. 

It has already been recorded, but may here be repeated by way of em- 
phasis, that of all formations in the State, the Dwarka beds, although 
of inconsiderable total thickness, offer the most puzzling of stone textures 
and variations in colour and composition. So, in Mulmadhavpur, 
where the material predominates, it was not surprising to find a fairly 
large but quite local development of sound and compact flagstones, 
often from 6 to 8 inches thick, finely grained, and of a pale ruddy-butf, 
almost white, colour, exposed superficially for a few hundred vards, 
to within a stone’s-throw of the east end of the village. The same stone 
however when traced northward, soon grows very rough and rubbly, 
and is not utilised locally because of its superior hardness. 

When the outcrop of this stone ceases, it gives place to the appear- 
ance aboveground, of a coarsely textured, soft, porous, but mcompre- 
hensibly tough, sandy limestone, of a ruddy-buff colour, containing a 
few thoroughly recalcified fossils of marine molluscan shells, and clearly 
underlying the compact flagstones as basement or conglomeratic beds, 
This stone is quarried in pits to a depth of about 6 feet, ? mile E. of 
Mulmadhavpur, in blocks of all sizes, but usually 3 to 4 feet by 12 inches 
and by 6 to 8 inches in dimensions, and sold at the pit sites at 4 annas 
each. They are only locally demanded for cottage door-steps. Precisely 
similar stone of slightly better quality is quarried to a depth of ro to 








tz feet, (the underground water-level), exclusively for State use, at the 
‘Veler Khin,’ 4 mile N. by NNE. of Mulmadhavpur. 

After visiting the abovementioned sites, the journey was continued 
_ northward for the purpose of examining the hilly ridges which trend for 
14 miles from WSW. to ENE., commencing approximately one mile 
NE. of Madhavpur. These were found to be built up of coarse, false- 
bedded, flagstones of the Dwdrka Group, variable from place to place 
and so deeply decayed as to offer no temptation to would-be local stone 
consumers. The final ridge hereabouts terminates abruptly eastward, 
at a height of 56 feet above the sea-level ; and the land thereafter slopes 
to a decided depression more or less covered by deposits of alluvial 
clay for fully 2} miles farther E. to the SE. corner-boundary of the State, 
which extrudes in form of an alluvial area of about 2} square miles in 
extent, 

Taking the north-westward road from the base of the boundary 
for } mile to another corner boundary of the State, a small bridged 
rivulet was found, practically terminating at this spot, eroded deeply 
through « fne, fresh-grey plastic clay, crowded with the shells of an 
elongated variety of Palwdina, and thereby denoting its freshwater a4. 
origin and suitability for use as superior potter's clay for the manufacture Pees! 
of native earthenware. oe eg 

Continuing along the level cart-road north-westward hugging the 4 =) ae 
State boundary all the way, first of all. NNW. for 1} miles, then NW. pit 
for ? mile, and afterwards WSW. for 1 mile to another corner-boundary, 
the land westward and then southward was noted to present a flat 
stone-strewn plain diversified by sundry small and large irregular patches 
of alluvial deposits; the roadway was therefore followed sinuously 
eastward over fitfully cultivated ground derived from a substratum of 
Dwdrka limestone towards the village of Pata. At 2; miles E. by 
ENF. of Pita, a slight eminence was observed and found to be super 
ficially quarried to depths of from 6 to 12 feet of a soft, cancellated grey- 
brown stone presenting all the features, already recorded, of consoli- 
dated blown-sand. At Pita itself, roo yards ESE. of the village, a 
good exposure of the beds forming the high ridge from NW. to 5E., Ae 
was examined and found to be constituted by false-bedded strata of oh)" 
hard, flaggy, ruddy-buff Dwiirka limestone of so variable a character, = lags 
as to be commercially worthless, although quite good enough for local om v 
use, Pita village, is built upon the rubbly stone of this ridge, which, ae 
although it lies fully } mile inland from the shore, is yet covered pretty 
deeply at places, notably on the south side within the village. with 
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marine drift :—bearing numerous shells of chanks and other recent littoral 
Proceeding to the seaside due W. of Piita, the sand dunes at a dis- 
tance of 300 yards from the shore-line were noticed to sweep over an 
elevation of 43 feet above the sea-level, to form a considerable area, 
fully 500 yards across, of undulating ground thickly overgrown by the 
Barbados Aloe, Aloe vera, which would without doubt be capable of extend- 
ed cultivation on the dune tops, with only a mere trifle of attention, and 
thereby not only bind the sand together but yield revenue to the State by 
the establishment of a native factory for crude * Aloe-cake,’ which is ~ 
chiefly exported from Bombay to the United Kingdom and the Straits 
Settlement. | 
Turning once more inland, a small quarry was examined about 
200 yards or so SSW. of Pita, towards the tailing down on the lee of the 
chore-dunes. The artificial exposures in this pit disclosed from 2 to 8 
feet of soft, grey-brown, consolidated, fine blown-sand overlying from 
8 to ro feet of medium to coarse, pebbly and shelly conglomerate, barely 
compact enough to hold together when hewn out as building blocks, and 
manifestly constituting a portion of raised-beach of Sub-recent date. 

On the 21st instant tents were struck at Madhavpur, at 6 a.m., and 
the camp was transferred to the inland town of Kadach, which had been 
casually visited on the roth instant, in traversing the countryside inter- 
vening from Balej to Gorsar and back by way of Kadach. The NNE. 
cart-road over rough and rubbly Dwarka limestone was followed along 
‘ts crescentic course towards Mander, thereby affording an opportunity 
for thoroughly examining the structure of the ground, westward to the 

- shore borderland and eastward to the boundary of the State. 

Confirmatory evidence was taken of the structure of the ridges of 
Dwiirka limestone, (variable, cancellated and compact flagstones, fre- 
quently false-bedded), which lie to the SE, of the roadway, while the plain 
on its westward aspect is covered by thick deposits of freshwater alluvium 
indicated by the presence, (especially in a small river bed which runs to 
Pita), of numerous shells of Unio, Planorbis, and a few, valves of Cyclas. 

Cmward and northward, the slight eminence, noted already, on the 
roth instant, as occurring 21 miles E. by ENE. of. Pata, was re-crossed, 
but in a northerly direction, and a second small abandoned quarry,—the 
bearings of which were noted as 2 miles N. by NNE. of Madhavpur,— 

was discovered, which shed additional light upon the general structure 
‘af the underlying strata. The quarry bottom was pierced by three 
émall well-shafts, so that the following results could be readily pieced 
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vr-—For an area of nearly } mile in diameter, the alluvial surround- = 


ings give place to a dome shaped mound of consolidated blown-sand ;— 


now more than 2 miles distant from the sea-shore. This soft and porous 


grey-brown stone attains a maximum thickness of 20 feet, riddled with 
perforations above but compact below. It was only this very poor 
material that was sought for by local excavators, and when nearly ex- 
hausted, the diggings were, of course, abandoned. The bottoms of 
the well-shafts however show, that the original sand-dune was watted 
on to a substratum of hard, thinly-flaggy, ruddy-bufi Dwarka limestone, 
which appears to constitute the foundation beds of the whole of the coun- 
tryside from the shore, right up eastwards to the boundary of the State, 

The abovenoted inference is amply borne out by subsequent testi- 
mony as follows :—About 3} miles N. by NNE. of Madhavpur, an elon- 
gated ridge of precisely similar stone to that found at the bottoms of the 
bo feet deep well-shafts, outcrops along the roadside, and is locally called 
Bhayani Dhar. The stone is hard, much cancellated and weathered 
above, and false-bedded, but promises to yield tolerably thick and sound 
building blocks. It is doubtful however, whether this fairly good mate- 
rial will ever be utilised, because it is not valuable enough to justify 
quarrying and cartage except for short distances, and is much too difh- 
cult to tool for local use. 


One mile SE. of Mander the same stone outcrops a5 subsoil, and large 


rubbly blocks of it are simply levered up for building purposes ; for 
although the stone also forms the foundations of the town, it there 
obtains superficially in a com letely shattered condition for several feet 
in depth, and local builders do not find it worth their while to dig deeper. 

From Mander to Kadach, similar conditions of rough, rubbly surface 


prevail till within about a mile of the last named town, which lying in the 


midst of a depression of what must formerly have been a southerly con- 


tinuation of the Great Salt Marsh, is practically surrounded by alluvial — 


deposits. 
Specimens gathered for the State Geological Collection during the 


sojourn at Camp-Station Madhavpur are as follows :— 
Provisional Name. Locality and Remarks. 





lSub-recent Consolidated Blown-|Surface, W. end of Large Quarry 
sand of Raised-dune. | mile ESE. of Madhavpur. 
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-(Same site os 450), but 20 ft. below 
| surface of E end of Quarry. 


s site as 480. Sunbaked 
: catia of E. end of Quarry. 


Coarse Shell-cand of Sloping Beach)! mile SE. by SSE. of Madhav- 
pur. 


Blown-sand of Carex-zone of|! mile SE. of Madhavpur. 
Dnnes. 


‘Dwirka-limestone. 3 {t. thick.|Surface of well-shaft, 14 miles SE. 


Much hone yeombed. by ESE. of Madhavpur. 


Dwirka-limestone. Compact,j/[mmediately underlying 485, 
Shelly and sandy. al to 6 ft. from Surface, 


Dwirks-limestone. Shelly and|Immediate! undertyin at 
Pebbly Conglomerate. 7 to 15 ft. from Suriace: Ds 


Dwirka-limestone, Fine, Pale-/E. slope of Hillock. © 1] miles 
buff, Sandy, Falee-bedded. ESE. of Madhavpur. 


Dviirka-limestone. Fine, Ruddy-|/Low Ridge, nearly 1 mile W. of 
| buff, Flagey, False-bedded. - Madhavpur. 


| Dwirka-limestone. Compact, Pale/Surface. 100 yds. E. of Mul- 


Roddy-buff, Big Flagstones. | madhavpor. Worth proapect- 
ing. 


|Dwirka-limestone. Coarse, Very|Surf Pita, 6 fessor 4 mile 


Porous but Tough. Big Blocks. E. of Mulmadhavpur. 


: ! 1 . State Quarry. | mile 
Porous but Tough, very tre N. by NNE. of Mul havpur, 
Blocks. | 

rov-brown Limestone. Indurat- E. end of WSW. to ENE, 


Ridge 
1 and moch Cancellated, =| milo NE. by ENE. of Mul- 
| madhavpur, 


Alluvium of Boundary Nala full of 32 mile ENE. of Madhavpur. 


Paludine and a few Cyclase. 


Grey-brown Limestone. ¢/Small abandoned Gest. 2} miles 
Blown-sand. | E. by ENE. of Pita. 


Dwirka-limestene. Compact, Buff}100 yds. ESE. of Pita on NE. 
Flagay, Cancellated, Variable. slope of NW. to SE. Ridge. — 


Earthy Deposit full of Chank and /Overlyin gt oper ansS 
_other Recent Shells. | rho Village. 






















yards to the NE., E. and SE. of 
by a slight scarp into a n 
again as a rock-plain right u 
gical structure of this rock- 





neolidated Blown-sand. 4 toSurface of small Quarry. 200 yds. 
10 ft. Deposit. SSW. of Pita. 


Recent Consolidated Pebbly and|[mmediately underlying 493. 
Shelly Raised-beach. 


Dheirka-limestone. Thick Flags.|1} miles NNE. of Madhavpur. W. 
Hard, Cancellated and False-| end of WNW. to ESE. Ridge. 


Consolidated Blown-Sand. Grey-|2¢ miles N. by NNE. of Madhav- 
erate: Cancellated Surface. pur. Small Abandoned Quarry. 


Dwirka-limestone. Hard, Ruddy, Underlying 501, at depth of 20 ft. 
| thin Flags. | from Surface. 


Deirkn-limestone. Hard, Ruddy,,Bhayani Dhar, 34 miles N. by 
Sunbaked and False-bedded, | NNE. of Madhavpur. 


lDwirka-limestone. Com pact, Surface and Sabsoil. 1 mile SE. 
Ruddy, Thick broken Flags. : of Mander. 
L 










Pipal Arboretum, joo vards ENE, of the Small Town. 


Une SITUATED as a camping ground, but with little in 
its favour for geological reconnaisance work, Kadach was chosen as 
a halting place,partly to break too long and arduous a journey and partly 
to afford an opportunity for examining the stretch of countryside racli- 
ating eastward from the town to the boundary of the State. | 
Kadach, as already noted, lies in the midst of an alluvial depression, 
which however ceases at about 300 yards on its east side to gradually 
rise into a barren rock-plain, more or less thickly strewed with fragments — 
of Dwarka-limestone sub-soil drift. This plain extends for over 1,000 
the town to descend farther eastward 
arrow strip of cultivated valley-land to rise 
p to the boundary of the State. The geolo- 
plain is well exemplified by excavations: 
bordering the slight scarp alluded to above, from which site, called 
Babudi Khan, stone is extracted for local building purposes. The quarry 
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clxxii Economic GEOLOGY oF PoRBANDAR STATE 


cuttings, including a small well-shaft adjoining, show a few feet of rubbly 
subsoil derived from a total thickness of about 12 feet of tolerably thick 
flagstones of a ruddy-white colour and compact texture, inclined to be 
rifty and decidedly false-bedded. The bulk of the material is soft enough 
to be very easily tooled, but becomes case-hardened by exposure ; and 
especially so by prolonged sunbaking. Immediately underlying these 
flagstones there comes a stratum of fully ro fect of a rubbly conglomerate, 
with numerous fossils of shells of marine molluscs, which together with 
their matrix have undergone complete re-calcification by the infiltration 
of dissolved lime from above. 

It may be noted in passing, that the upland drainage channels, 
which form considerable watercourses southward along the Barda- Alech 
vale, break up into numerous rivulets which periodically discharge their 
waters into the main body of Porbandar’s Great Salt Marsh; so that in 
the event of a very heavy rainfall season, the low Iving lands around 
Kadach stand in danger of being overwhelmed by floods. Such a_ dis- 
aster indeed, it is locally stated, occurred only as recently as September 
1914, when the camping ground, known as Brahmachari’s Wan and its 
temple and sacred tank were submerged te a depth of over to feet and 
almost utterly destroyed ; while the deserted town was also practically 
left in ruins. 

At the moment of writing the entire district is on the verge of drought 
there being only one small well at the bottom of the falav on the SW, 
side of the town, whence a poor supply of slightly muddy but potable 
water is available. To remedy this among other greater evils, ought 
not to be either a costly or a difficult engineering feat ;—a feat that would, 
of course, entail the reclamation of the Great Salt Marsh. 

Such a project it is needless to note, would, upon its completion, 
immediately revolutionise the Revenue Department of the State. It 
would involve the damming of but a few creeks and minor outlets in the 
shorelands, and the construction of a controllable system of reservoirs 
and canals, and improvement of existing water courses inland. The re- 
claimed land, although largely, saliniferous, is already rich and deeply 
soiled enough, to be rated, as soon as available, at a premium for market- 
garden produce and quick returns ; while heavily paying crops, such as 
those of the Sisal Hemp, would grow and flourish on the soil just as it is, 
to prepare the way for cereals and cotton-growing grounds. Cocoanut 
and other fruit trees would naturally be established as a matter of course, 

In anticipation of a long, wearisome and nugatory journey, tents 
were struck at Kadach at 5 a.m. on the 24th instant, with a view to 
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- examining the untraversed areas N. of Kadach and E. of the Great 
ey Salt Marsh as far as the village of Mitrdla. Considerable difficulty was 
’ ‘ experienced upon nearing the proposed destination, by reason of the 
y numerous impassable though dry watercourses, which rendered frequent 
> detours imperative. The first serioys obstacle to be encountered, 
r but not capable of being overcome, was presented by the river Bhadar, 
ye about 1} miles SSE. by SE. of the town of Bhdd, The stream was 
ee full’ of salty-water, and although there was a ferryboat available at 
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“ Kundli-ka-Tar,” as it is called, it would have taken up more time 
than could have been spared to take advantage thereof, so a3 to reach 
Mitrala before the close of the day. It was also noticed that the women 
of Bhad were busy on the river terrace digging pits from which to scoop 
out water for domestic wants ;—such water, of course, being fairly well 
freed from brackishness by a process of natural filtration, 

Tt was therefore deemed necessary to take the E. cart-track to Jamla 
‘and then NNE. to Chatrdwao, both in Jundgadh territory, and to there- 
after cross the ford of the Bhddar westward into Porbandar State, by 
exceedingly rough and circuitous by-ways, to eventually reach Mitrala;— 
which is situated only one mile distant from the boundary, On arriving 
at Mitrdla, no suitable spot for a camping ground could be found, and 
the women of the village were seen trooping with head-poised water- 

vessels to the neighbouring village of Delodar, Hence it was resolved 
to pitch the camp at the last-named place ; and night had fairly set in 
before tents could be got ready for occupation, — 

Shortly after leaving the stone-strewed plain to the N. of Kadach 
the ground gradually assumed a thoroughly alluvial character, as far 
as the eye could reach on either side of the NNW. roadway. Nota 
vestige of stone could be discovered outcropping through the alluvial 
deep-grey deposits, N., S., E. or W.; but it may be presumed that those 
deposits directly overlie beds of the Dwarka Group af arenaceous 
limestone. The towns and villages ;—Garej, Bhad, Mitrdla and Delodar 
are, one and all, built upon mounds of alluvium, which, suffering pitifully 
at present from an insufficient water-supply, are, during the monsoons 
literally deluged almost beyond endurance ;—for, it was elicited, at 


Delodar, as a ‘case-in-point,’ that the inhabitants are annually held 


_ prisoners in their homes for a month or so by the encircling floods of 
water! The exceedingly poor ‘haul’ of only a couple of specimens 
for the State Geological Collection was consequently secured during the 
stay at Camp-Station Kadach as follows :— 
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224-16.) 505 |Dwirka-limestone. Compact,/Babudi Khan. 1000 yards. NE. 
Soft, Ruddy; in thick Flags. by ENE. of Kadach. 


29 416.| 506 (Consolidated ‘Fossiliferous Con-|Underlying 505 at depth of 10 to 
| glomerate. Very Rubbly. 15 feet. | 


Camp-Station XXII.—Delodar. 
By side of Talav. soo yards E. of the Willage. 


RBANDAR’S GREAT SALT Mars orn Waste,—which is annually 
- flooded during the SW. monsoons by the influx of sea-water from 
the open ocean on the west, mingling with the fresh surplus drainage of the 
uplands at the north and from the east—is projected on the sheets of “The 
Indian Atlas ' of the Great Trigonometrical Survey, like a gigantic Amaba 
taken from the pages of a text-book of zoology, with its nuclei and 
vacuoles represented by stony eminences, and its pseudopodia extending 
in all directions, but principally branching south-eastwardly. 

During the dry season, the bottom of this vast pond is revealed 
‘n form of an extensive barren plain, more or less deeply covered by 
deposits of saliniferous, but otherwise, nchly fertile dark-grey alluvium, 
which, without its branching diverticula, may be roughly estimated 
to occupy an area of more than 80 square miles. There is likewise 
evidence to show, that nearly the whole of the State territory to the 
south-east of the Great Salt Marsh must have been included within 
its far-reaching limits, and this statement can perhaps, be nowhere 
better exemplified than by an examination of the countryside sub- 
centralised around and about the village of Delodar. 

Although not so rich as ‘regur’ or decayed volcanic material, 
the deeply deposited alluvium, naturally reclaimed during the past 
few centuries, by reason of the gradual elevation of the land, is yet 
fertile enough to yield large and profitable crops of cotton, cereals, market- 
garden produce and fodder for cattle ; but the agriculturist is heavily 
handicapped during the few months preceding the rains by a woeful 
lack of water ; while during the rains, he gets ‘ too much of a good thing.’ 
At Delodar and for many miles around, there are no well-shatts ; sumply 


because, by digging through the alluvial deposits to the lower under- 
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eround water-level at 15 feet or thereabouts, brackish, if not quite salty, 


- water is invariably met with. The villagers are therefore entirely 


dependent upon their /alavs, (for potable water) which, as the days go by, 
become desiccated. When that happens,—as at the present moment,— 
all that can be done, is to dig down to a limited depth of not more 
than ro feet, to catch the remnant of the fast subsiding surface water 
before it percolates to saliniferous depths, At the bottom of the Delodar 
felav, there are at present half-a-dozen small pits, each about ro feet 
deep, with puddles of from two to three feet of fresh but muddy water 
in them. These pits are thronged from dawn till dusk bya succession 
of women and children, who come from near and far to fill their drinking 
water vessels ; and, as most of them quaff the dirty water without filter- 
ation or even allowing the impurities to settle down, so as to draw off 
the purified supernatant liquor, it is stated that much preventable 
disease becomes rife during the deg-days. 

An examination of the ¢a/av deposits, as typical of the entire country- 
side, showed an alluvium of marly dark-grey clay, crowded with the shells 
of estuarine and marine molluscs :—Ostrea, Cardium, Tellina, Cerithitem ; 
added to which are local freshwater forms,—Paludina and Cyclas, 
and a land shell or so. These deposits indubitably show that they must 
once, probably within historic times, have been formed by the agency 
of the then far more extensive Salt Marsh, and that like the sediments 
af the latter, they rest upon a substratum of Dwarka limestones. Sam- 
ples of the deep layer of sunbaked mud forming the bed of the Hugli 
Vokala, (branching off from the Bhadar River, and which discharges 
into the Great Salt Marsh), were collected for future detailed examination 
in the laboratory, and provisionally found to be composed of very finely 
divided matter, showing no trace of organic remains, and closely cracked 
into angular, indurated fragments by prolonged sunbaking. 

From Delodar as a centre, the westward quadrant of countryside, 
for a radius of nearly six miles, is traversed by no less than half-a-dozen 
branching and sub-parallel rivers with the wide channel of the perennial 
Bhddar to the South, and the expanded, shallow mouth: of the Minsar 
at the north ; thereby constituting an extensive riparian delta opening 
out into the Great Salt Marsh. On the 26th instant, the highways 
and by-ways of this extensive area were rapidly covered, frequently 
over pathless land, to avoid deep ditches and stream beds, and it was 
observed that the whole of the ground consisted of deep depesitsJof 
principally freshwater alluvium, very largely under preparation tor 
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cultivation.” T. al agriculturists state, that seed is not sown until 
BE cantencn Fahne rsh but that germination and growth in the e 
fertile soil is very rapid, so that the staple produce of cotton and cereals an 
amply repays for risks that sometimes become serious. = | 
Plentiful and continuous supplies of water for wrigation in this 
part of the State, it 1s admitted, would speedily transform the great 


a 


-— 





Soest 





x4 


SS 
yt 
Ba 










i 
* 
S- 


a ae 
1 4 









ie tracts of land into prosperous farmsteads, and it is therefore suggest ted, 
rag that by the construction of a series of strong dams across places of vant- 
a j 


ne OF tectnal watercourses, and locked channels of intercom- 
TY se aecipre reservoirs thus constituted at different levels, 
so as to provide for adequate circulation and prevention of stagnation. 
the surplus monsoon freshwater could be conserved and controlled in 
such a way, as to effectually put an end to disastrous periodic floods 
and turn the water-supply thus acquired to good and profitable account. 
This would indeed be a first step towards the complete and speedy 
reclamation of land already being very eradually restored by the agency 
natural elevation. 

s “io the 27th instant, tents were struck at 6-3o a.m. and the camp 
was transferred to the town of Kandorna, which it will be remembered, was 
formerly,—for a couple of days at the end of July, 191 5,—made a contre 

of observation, Needless to note, the ground covered had not been 
traversed before, and although nothing of importance was anticipated, 
the criss-cross-country course taken, was adopted for the Pompe 0 
fixing the geological boundaries of the outcropping and their underlying 

7 . accurately as possible. = 
Bee aeder 4 ey the ground was found to be deeply alluvial, 
and presumably resting upon the fast vanishing beds of | Dwarka sate? 
stone : but on reaching Padardi 1} miles farther NW. the alluvium 
- the Great Salt Marsh on the westward side of the village was observed 
to be blown by the prevailing winds in form of a very fine, almost im- 
palpable sand of a dark-brown colour, into a kind of inland dune, and 
arrested in a succession of closely-set mounds, like roches moufonnecs, 

by tufts of hardy grass struggling for a bare existence. ree 
About 1} miles WSW. of Padardi, the large and important river 
Minsar, shallowed down considerably and embanked by only from 2 | 
to 3 feet of alluvium, widens out into a channel of nearly a-quarter of 

ren « a mile in breadth before discharging into the Great Salt Marsh, and 
Pe Si offers thereby a substantial nucleus, for the construction, by damming, 
a of a very extensive freshwater reservoir, which could be maintained as 
~~ such by deepening, rip-rapping and finally by stone and cement lining 
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to conserve the enormous floods of pure mountain water brought down 


and annually allowed to go to waste. To minimise losses by evapo- 


‘ration and percolation the stone and cement lining of the lower portions 


of the reservoir ought to suffice: but in order to prevent putrefaction 
as the season advances, the conserved water ought, of course, to be 
kept aerated by circulation. This can best be done at the outset by 
means of a few effluent locked canals made to flow into smaller reservoirs 
at lower levels: but the time would eventually come, (when means 
accrue through vastly improved irrigation), for the installation of an 
adequate pumping-tation, with ramifications to the remotest parts 
of the State 

At Pddardi itself the alluvium immediately west of the village, 
is no longer underlaid by Dwdrka limestones, but rests directly upon 
much decayed bedded-lavas of the Deccan Trap Period. This is clearly 
shown by a well-shaft at the bottom of the /alay on the W. side of the 
village, which at a depth of ro feet yields, at present, a poor supply af 
brackish water, oozing out from beds of much decomposed, zeolitiferous, 


_ amygdaloidal lava. The E. side of Pddardi village assumes quite a 


different character ; as the highly decomposed bedded-lavas are exposed 
at the surface and probably reach down to the abysmal depths of some 
hundreds of feet. 

Progressing N. by NNE., the surface of the ground maintains its 
volcanic character up to Kerala and thence eastward for about 3 mile 
to the boundary of the State. Towards the SW. side of the village 
there are deep deposits of detrital matter closely similar to those of the 
Great Salt Marsh alluvium ; while the two big wells at the bottom of 
its adjoining #alav yield such brackish and partially stagnant water, 
at the present time, from depths of 15 to 20 feet, that the inhabitants 
are obliged to dig small pits into the detrital soil to salve a meagre supply 
af muddy water of questionable wholesomeness for domestic needs. 

From Kerala, the broad acres of fertile Volcanic soil stretching to 
Bipodar WNW., were next carefully examined, fortunately by the help 
of a few newly sunk well-shafts, and the ground was thereby shown to 
be composed of deeply decayed bedded-lavas, a curiously altered pur- 
plish variety of which, from the compact zone, was collected at a depth 
of 12 feet from the surface, where the rock commences to disintegrate 
into rubbly subsoil. Westward of Bapodar, as already noted the ground 
gradually gets covered by alluvium. 

Eastward of Bapodar, for a distance of a trifle over 2} miles, to the 
boundary old-site of Asidwadar, the surface of the land becomes gradually 
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more plainly, volcanic by reason of the increasing freshness of the 


‘exposed beds of lava; but, on the north-eastern track towards Kandorna, 


sure signs, of the near presence of miliolite deposits are to be seen in the 
ever increasing fragments of that stone which bestrew the groundin every 
direction ; until the deposits themselves encrust the surface in thick beds 
of obliquely laminated stone upon which the large district-town is built. 

Specimens secured for the State Geological Collection from Camp- 
Station Delodar are as follows :— | 











Regis- } 
Tate gg Provisional Name. Locality and Remarks. 
i, 
"a | ————— eh — 
25-4-16 | 507 \Marine and Freshwater Recent |Bottom of Talay. E. end of Village 
Shells from Allaviom. | of Delodar. 
95-416 | 508 |Alluvium. Sunbaked Deposit ../Red of Hugli Vokala. 5. of 
|  Delodar. 
994-16) 509 (Decayed Amygdaloidal Lava. W. side of Pidardi. Bottom of 
| Underlying Alluvial Soil. | 10 ft. deep well shaft in Talay. 
97-4-16 | 510 [Altered Lava of the Compact or! mile WNW. of Kerila. Bottom 





| Middle Zone. | of 12 ft, deep new well-shaft. 





Camp-Station XX0L—Kandorna. 
District Bungalow, N. Outskirts of the Town. 


Ww” THE EXCEPTION of the small area of countryside surrounding 
| the route NNW. by NW. from Kandorna to the village of Anwili, 
the whole of the State lands in the neighbourhood of this Station of obser- 
vation have now been fullyexamined and reported upon. It being close 
upon the end of the month however, it was decided to make the District 
Bungalow at Kandorna a temporary halting place rather than a centre for 
observation, with the two-fold object of sending the clerk to headquarters 
for the purpose of adjusting monthly accounts, and of affording the 
writer an opportunity for piecing together the evidence gathered con- 
cerning the geological structure of the entire coastal borderland of the 


State, for publication as a “Third Quarterly Report,” which would . 


otherwise lack completeness, The work of the “Third Quarterly Report” 
now being actively compiled will be continued during the absence of the 
clerk, until his retum to Kandorna on the 3rd May, 1916, when the 
camp will be removed to Khimbala in the Barda Group of hills. 


NARRATIVE REPORT cae 


DIGEST OF DIARY. 
May, 19 1. 


"6 emesis OBSERVATIONS in the immediate neighbourhood of 

Kandorna having been completed upon a former occasion (towards 
the close of July, rors), it only remained to cover some of the same 
ground for the purpose of securing, if possible, better specimens of the 
compact stone of Dhinak Dhir, and to take a few photographs on 
the banks of the River Minsar, which here exhibits the false-bedded 
miliolite base resting upon an earthy conglomerate full of fragments of 
black stone, This work was done on the 27th April. 

At the end of the month the clerk of the Department was sent to 
headquarters for the purpose of adjusting the monthly accounts, and 
a few free days were thus secured to the writer and fully utilised in the 
quiet well-kept District Bungalow, at Kandorna, for the compilation 
of his Third Quarterly Report ;—a duty involving much time and labour 
in piecing together the evidence, just gathered in its entirety on the 
geological structure of the coastal borderland of the State. 

On the 5th May, the camp was transferred to the breezy heights 
of Khambala on the south-eastern flanks of the Barda Hills, which is 
best approached along the vale of the Dhingawa Vokala, a tributary 
to the River Minsar. The journey thence was taken across hitherto 
untraversed ground from Kandorna to the small village of Anwili ; but 
nothing of any consequence could be recorded save that the surface 
of the land grew rough and rutty from the presence of coarse miliolite- 
base beds resting upon concretionary and canglomeratic layers, overlying 
the bedded-lavas of the Deccan-trap Period, These miliolite beds 
occasionally rise into low, narrow ridges, which obstruct the straight 
courses of the country cart-tracks, notably at about 1}? miles NNW. 
by NW. of Kandorna, } mile farther N., and about 1 mile SE. of Anidli. 
From Anidli to Bordi, the formerly traversed cart-road was followed 
NNW. past the divaricating eastern spurs of Cocahia Dhar, and thereafter 
WNW, along the 5. bank of the Dhingawa Vokala which sweeps around 
the S$. and W. ends of the village of Bordi, where it is spanned by the 
Railway-bridge. 

New ground remained to be investigated between Bordi and Khim 


bala ; and, to that end, the crescentic NW. by WNW, route was chosen ;- 


mainly over rough, solid, stony ground formed by the truncated columns 
of coarse, tough granophyre, which every here and there emerge in the 
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form of mounds of huge boulders and isolated pillars that have best 
withstood the ravages of time. It was therefore with some difficulty, 
in the absence of prospecting appliances, that only tolerably fresh 
samples, sufficient to indicate the precise characters of the stones, could 
be secured by dint of perseverance with sledge and trimming hammers ; 
and for these and similar situations throughout the Barda Group, it 
may be noted that nothing short of diamond drilling and blasting can 
possibly avail, if perfectly fresh and sound samples, i.¢.,—samples that 
are not decayed by atmospheric agents or altered by monsoon conditions 
and sunbaking,—are wanted. 

Samples of a light grey-brown, coarsely-textured but very tough 
and strong granophyre, were gathered from an eminence of boulders 
and pillars, protruding boldly from the surface of the ground, about 
1} miles NW. of Bordi, as a site suitable for quarrying operations, within 
reasonable distance from the Railway-line. The stone at the surface 
although weathered and full of miarolitic spaces and products of alter- 
ation and decomposition, has been sunbaked to a high degree of hardness 
and is yet tough enough to be broken into an angular shingle of gauges 
suitable for high-grade road-metalling. By blasting, it is more than 
probable, that an intensely tough, grey granophyre, in blocks of very 
large sizes adapted for building the piers of bridges and for dock and 
harbour construction could be readily extracted. 

At the present moment, the sites in this, and the neighbourhood 
of Bordi, offer good opportunities for the introduction and development 
of a particularly large and varied series of massive stones of the grano- 
phyre and kindred types ;—but cartage conveyance, even as far as to 
Ranawao Station, would be prohibitory, As a case in point, it may be 
noted, that a particular sample of finely-textured, light-grey granophyre 
from Cocachia Dhar near Bordi was specially desired for road-metal 
by the Chief-Engineer of Karachi Municipality, who offered Rs. 5 per 
ton for partially broken boulders, f. o, b,, at Karachi. It was found, 
that although massive stone from the vicinity of Randwdo Station 
could be profitably quarried, entrained and shipped to Karachi at the 
price offered, the excess for cartage from Cocachia Dhar to Rindiwio 
Station would bring bare expenses up to a trifle more than Rs. 7 per 
ton —the consignment could not therefore be sent. 

As many other favourable quarry-sites exist in the immediate 
neighbourhood of Bordi, on the N, side of which the Railway-line passes, 
it is here suggested that a loading platform, if not a permanent Station, 
thould be opened without delay at the village, | | 


Passing northward for about } mile, a couple of hills rise prominently 
from the upland plain, approximately 2 mile NNW. of Bordi, the highest 
of which is 435 feet above the sea-level. These elevations, as parts 
of an outlying ridge running northward along the boundary of the State, 
and locally known as Jaderra Dhdr, are composed of a coarsely textured, 
white granophyre, which acquires a rusty colour by exposure, and is 
intensely tough and difficult to break, The surface stone however 
is deeply decayed, but there can be no doubt, that large supplies of big 
blocks of sound material could be readily secured by excavations on the 
hillside slopes. Farther westward, in the direction of Khambala, the 
same stone, much decayed and full of alteration products, has been 
desultorily dug out of the ground; and being so far decomposed as to 
become comparatively soft and easily tooled has been used for making 
small bridges and in embanking a waterway leading towards the 
village of Khambala. 

A tedious up-hill drive, past new and old Khimbala, along the 
base of the great dam of the Khimbala Talay, and thence by a circuitous 
cart-track, led to the State Bungalow, which was selected as a centre 
for observations. The specimens collected were duly trimmed, packed 
and registered as follows :— 


Locality and Remarks. 








1a 
| 
| 


5-16 | 511 (Light Grey-brown, Coarse-|Low Eminence. Roadside Sur. 


textured Granophyre. face. 1) miles NW. of Bordi. 
56-16 | 512 White Granophyre. Closely |Jaderra Dhar. Two Outliers 
Resembling No. 72. % miles NNW. of Bordi. 
f-S-16 | 513 (Altered Granophyre of Character Surface Excavations, 300 yards 
like 512. W. of 512. 





Camp-Station XXIV. —Khambala. 
Siate Bungalow, Summil of Dhort Dhar. 





| Daca ON A PLATFORM at the summit of a moderately high hill 
called Dhori Dhdr, about half-a-mile south of the present village 
of Khambala, the bijou State Bungalow, although built almost to 
the points of the compass, is sheltered on the east by the slightly 
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higher hill, Chagaro Dhir, 557 feet above datum ; and on the SW. by 
the range of heights stretching towards Raniwio. Nevertheless, as the 
veranda and small portico-frontage faces W., presumably for the sake 
of the widest view of the /alav amid its amphitheatre of hills, it catches 
the direct rays of afternoon sunlight and nearly the full force of the 
prevailing SW. wind, 

During the month of May, and presumably throughout the dry 
season, the bottom of the broad hill-bound valley, presents an arid area 
of equilateral triangular form, with sides of about 1} miles in length. 
The apex of this space points toward the State Bungalow and its consort 
hillock called Gadhia Dhar, some 6 or 7 hundred yards to the NW., 
and has been closed by a high earth-and-stone dam, to form a great 
reservoir for the monsoon surface drainage, known as the Khambala 
Talav. 7 

Khimbala Talav is at present practically dry, save for a couple of 
fairly deep patches of water at cither end of the high embankment ; 
and into these pools there run the channels of two streams, the smaller 
of which called the Vasara Vokala, receives the drainage of the hull- 
slopes on the 5. and SW. sides of the valley; while the much larger 
watercourse collects the rainfall of the runnels on the N. side of the 
jalav, and, as Vijfaria Jhir, has its source in the heart of the hills, along 
the vale of Sdthvirda Nes and beyond, for fully three miles NW. of its 
affluence into the falav. Along the northem portion of the falar and 
piercing beneath the high embankment, the stream, now known as the 
Vijiaria Vokala, wends its way north-eastward through a fertile highland 
dale to add its waters (locally called the Thoranta Vokala) to the greater 
channel of the Bileshwari Vokala, soo yards or so E. by ENE. of the 
picturesque village of Asiapat, which stands by the cool banks of the 
usually perennial riverside, 1} miles W. of the boundary of the State. 

These geographical details have here been entered with a view to 
the proper appreciation of the somewhat intricate structure of the 
countryside ;—charming and productive enough along its well-watered 
rocky slopes, but barren to the point of desolation at the summits and 
plateaus of its sub-centrally situated groups of high hills, where the 
vegetation at this season is represented by dry grasses and stunted 
growths of the Ran tree, Mimusops hexandra, and a few clumps of the 
Male bamboo, Dendrocalamus sirictus. In some of the valleys, however, 
where a deep soil of felsitic sand is developed, many excellent fruit trees 
thrive :—notably the Mango, Mangifera indica; the sweet Karaunda, 
Carissa Carandas and the Jungle Jambu, Eugenia lanceolaia. 
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At dawn of day, accompanied by four villagers from Khimbala 
an excursion on foot was taken over the hills, on Sunday the sth instant, 
for the purpose of recording the geological structure of the centrally 
situated elevations to the W., NW., and N. of Khambala. ; 

Descending from the Bungalow to the dry bottom of the falav 
near by the foot of the high embankment, the deep pool of water there 
situated was found to be quite green with the zoospores of freshwater 
Alze: while numerous birds were observed feeding on the fish and 
water-weeds ; conspicuous among which were large assemblies of the 


Painted Stork, Pseudotantalus lewcocephalus; many large and small 


Eerets, Herodias intermedia and H. garzetta, some still retaining their 
dorsal plumes ; a few Little Cormorants, Phalacrocorax javanicus, the 
slightly rank flesh of which is sometimes eaten ; and a wild duck or two 
among which the Shoveller, Spatula clypeata, was identified, 

True lacustrine deposits are seldom met with in the practically 
lakeless Province of Kathiiwir ; but the Khambala Talav, notwith- 
standing, furnishes tolerably typical samples, of sub-recent and Recent 
sedimentary accumulation, that are worthy of more than a passing 
notice. The bottom of the dry talav exhibits a thin layer of detrital 
felsitic sand, derived directly from the disintegration of the rocks of the 
mountain-massive ; and this sand is crowded with myriads of the dead 
turreted shells of Potamides many of which bear traces of a thick perios- 
tracum. 

Sundry small well-shafts, as well as the 15 to 18 feet W. scarp of the 
Vijfaria Vokala,—hard by where the mountain-rill enter the falav,— 
disclose the nature of the underlying lacustrine deposits ; which have 
accumulated to the maximum depth of about 15 feet, and are composed 
of alternating layers of spongy and shaly erey-coloured, sandy and 
marly-clays, bearing the remains of the small freshwater shells noted 
above, Samples of these deposits were secured for future laboratory 
examination. 

One mile to the west of the falav embankment, where the gorge 
of the Gelanser Dhar forms the mountain stream-bed of the Vijfaria Jhdér 
the rapidly rising uplands, in a succession of mounds and ridges, has 


been made the dwelling place of a band of shepherds whose circular 


etone huts with grass-thatched conical roofs lend a curiously picturesque 
aspect to the scene, with its bold background of lofty hills. This perma- 
nent shepherd's camp is known by the name of Khara Vird Nes; and 
+t is commonly believed that the great west scar of Gelanser Dhar which 
towers above, was the work of the “ God of the lightning and thunder,” 
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a kind of Hindu Zeus,—who sent his fiery darts to rive the hill asunder 
Be that as it may, the beetling clifis of the scar on the western side of 
the mountain-pass, affords a very fine illustration of columnar jomting 
on a large scale ; the rock itself being composed of an exceedingly tough 
texture of the granophyric type. The pathway on the eastern side of 
the gorge is steep and often narrow, but yet sufficient to atford a foothold 
for camels and pack-ponies; but, following the course of the stream 
a wide valley ere long is reached at another shepherd's camp-village 
called Sithvirda Nes, where a small State Bungalow, very poorly furni- 
shed and State Police-quarters have been established. 

Sdthvirda Nes lies approximately 2? miles NW. by WNW, from 
Khira Vird Nes, and its scattered huts are clustered around the valley of 
the Vijfaria Jhir on ridges above the reach of the swollen stream during 
the rainy season. These ridges, and indeed the slopes and summits of the 
numerous hills around and about, are composed of exceedingly tough 
and strong grey granophyres of medium to coarse textures; but per- 
fectly fresh specimens are difficult to get, on account of the prolonged 
weathering to which the surface stone and detached boulders therefrom 
has been subjected, Some of the huge vertical columns exhibit spheroidal 
shrinkages on a gigantic scale; and when, after ages of exposure, the 
spheroids become detached and fall out, large circular chambers are 
left patent in the sides of the columns. Spheroidal shrinkages, however, 
are not so frequent in these centralised coarsely grained rocks, as in 
the spurs and outliers of the group of hills. Occasionally, dyke-like 
structures may be observed traversing the maim massive, and are con- 
spicuous by reason of their closely set transverse joints, which give 
rise to a coarse kind of cleavage. 

From Sithvirda Nes a general survey of the surroundings disclosed 
the fact that the assemblage of hills which form the core of the group, 
offer but scant variety either in the texture or the mineral composition 
of its rocks, which may therefore be classed together as medium to 
coarse-grained granophyres. These rocks constitute the main masses 
NNW. for a couple of miles past the old sites of Vijfaria Nes and Thori- 
Virda Nes right up to Khoriar Nes at the boundary of the State; and 
also stretch westward to Malak-na-Wao, and the summit of Suli-na-Piini, 
4 mile iarther NNW., which rises to the height of 1,438 fect above the 
level of the sea. The flat summit of Malak Dungar, } mile SSW. of 
Suli-na-Panj, must likewise be included in this category ; although its 
westward spurs, which were formerly examined* exhibit variations 

* On 23rd and 25th November, 1915, eae) 





> | 
o- @ 
a 


A Webel ONL ert gg A eee Ee ae ee a 
NARRATIVE REPORT clxxxv 


which were duly observed and recorded ;—many of them being of dis- 
tinct economic value, and one, near by Godhana, revealing the rare 
structure known to petrographers as orbicular. 

To avoid covering ground already just traversed, the return 
journey from the confines of the State around Sithvirda Nes, was made 
along craggy by-paths over the hills to the NE., in the direction of 
Chimodra Nes, and after crossing a small plateau surrounded by the 
summits of hills in this sub-central region of the Barda Group, a SE. 
track was followed, leading to the W. side of Hathia Dhar,—so called 
on account of the fancied resemblance to an elephant conchant, from 
whence an easy descent was made to the falay by the side of the isolated 
conical hill called Gadhia Dhir, and thence along the top of the high 
embankment to Dhori Dhar Bungalow. 

On the morning of the gth instant, the tents having been previously 
sent to Asidpat, the journey thence was taken along a roundabout route 
for the purpose of examining the hill-spurs and outliers to the SE. of 
Khimbala, which had not hitherto been visited, A halt was called 
at the village of Khimbala, which is built upon the denuded tops of 
great columns of granophyre of medium to coarse texture, forming a 
hillock called Kiri Dhar, which is in reality a small spur extending 
northward from Chagaro Dhir situated just behind the Bungalow. The 
stone of this spur has been deeply weathered and sunbaked ; but ts yet 
quite tough and strong enough to yield an abundance of tolerably good 
and durable road-metal. The effect of weathering has been to bleach 
the mineral unite and render them soft and friable, while the counter 
influence of sunbaking of the hydrated mass has been not only to harden 
the altered texture, but to create sundry small spaces within its sub- 
stance by shrinkage ; and these miarolitic cavities invariably become 
the seat of development of many small secondary crystals and curious 
alteration products. In such situations gems are sometimes formed. 
The original fresh rock, which can only be obtained by drilling and blast- 
ing, is without doubt a grey granophyre of the best quality for positions 
where great strength of materials is indispensable. 


Passing south-eastward along the rough and rutty cart-road from ~ 


Khambala to Rindwao, at a distance of 13 miles from the last-named 
village, an eastward spur from the mountain massive stops short of the 
W., side of the roadway in form of a low hillock of exposed columnar 
rocks and spheroidal boulders, locally known as Fakdda Dhar, By 
reason of furnishing a good site for quarrying operations coupled with 
its proximity,—1]} miles NW.,—to the Railway-line at Bordi, the stone 
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here available in abundance, is worthy of special attention, as it con 
sists, even at the surface, of a fairly fresh, compact and sound, mottled, 
blue-grey granophyre capable of vielding large blocks suitable for 
dock and harbour construction; while the wastage would constitute 
the best-possible of high-grade road-metal extant. 

On the opposite or ENE. side of the roadway, another small emi- 
nence, barely noticeable as such, is covered with broken blocks of quite 
a different character, and can be traced to form the westward sloping 
spur of an outlying hill near by, called Ladha Dhir, which rises appro- 
ximately 1§ miles SE. by ESE. of Khambala. The stone of the basal 
spur appears to be in a perfectly fresh and sound condition with but 
few rifts and weathered dislocations ; but the summit rock shows signs 
af being deeply decayed, being quite fissile at the surface. When blasted, 
however, there can be no doubt that an enormous supply of thoroughly 
sound material would be yielded of a distinctly ornamental character, 
essentially similar to the so-called incipient orbicular granophyre, 
No. 34, of the Adatiina Heights near Rindwio, | 

From Ladha Dhar the cart-road due north was taken to Bileshwar, 
past the already traversed region of jaderra Dhar and a succession of 
low outlying ridges of more or less deeply altered granophyres, typified 
by the coarsely textured whitish stone SSE. of Bileshwar and the similar 
but more finely-grained rock to the immediate WNW. of the village 
of Asidpdt. 

Samples secured for the State Geological Collection were duly 
registered as follows :— 























ee) | 
Date. tered | Provisional Name. Locality and Remarks. 
oO, h 
| 
| | 
| 514 lAtlavial Deposit. Sunbaked. ..|Dry Bottom of Khdmbala Talay. 
| | 
515 |Concretionary and Shaly Allu- Underlying 514. NW. end of 
vial Lacustrine Deposits. Talay. Opposite Bungalow. 
516 \Grey-brown Granophyre. Extra- Bed of Vijfaria Jhir. 600 5 
| tongh and strong. | NNW. of Khara Vira Nes. 
517 | Altered Granophyre. White, Pink! Same stone and from Same site Me 
and Miarvlitic. as 516. on 
518 \Pale Grey Granophyre. .. —_..| Base of Crags, Vijfaria Jhar. 
| | 
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ree|Bed of Vijfaria Jhir, } m, ESE. 
of Sathvirda Nes. 





iy ; 7-37-16 Grey Granophyre. Medium -/Hill-side Spur. 500 yds. ENE. of 
| textured, Tough and Etrong. | Sithvinds Nea, ’ 






rock, | Dhar. 



















7--16 Grano felsite. Slightly Sun-|Base of Gadhia Dhar. 1,000 yas. 
| | ota to Perplich grey. ! NNW. of Khambala | low. 
43 75-16 (\Granophgric-felsite, Fresh, Pale, Base of Dhori Dhar. State Banga- 
Lie Blue-grey. | low Hill, Khaimbela. 

a 7-5-16 Cleaved Granophyric-felsite. Pale Summit of Dhori Dhar. State 
aw Blue-grey. Bungalow Foundation. 
= 9-5-16 White Granophyre. Altered byS. side of Khimbala Village. 
As Prolonged Weathering. | Hill-spur called Kari Dhar. 
ae 
Pao 9-56-16 |Highly Altered Granophyre. Same Rock and Site as 625. 

— 
pha 9-5-16 |Light-erey Granophyre. . Good|Fikida Dhar, J} miles SE. of 
<i Ps , . | ' oy Site. ran Khambala and fy initos NW. of 
~ty YY : i. 
rah i 145-16 \Spherulitic Granophyre. .. ../20 yds. ENE. of 527. 
a. ; per. - . 
3 9-5-16 srulitic Granophyre. Weathers Summit of Ladha Dhar, 14 miles 
= o Flake saeec ae SE. by ESE. of Kbéarbate, 


Granophyre. Surface. Outlying Low Le 


a 9-65-16 : 1 
s. spur. 600 yds. SSE. of 
war, 





| Fine, Grey Granophyre. Much Surface of Outlying Spur, 500 yds. 


ae 9-5-16 
| Decompoced Superticially. WNW. of Asis pat. 








P ae, Camp-Station XXV.—Asiapat. 
Tih NW. Bank of Bileshwari Vokala, 100 yards S. of the Village. 


; if: - (CHARMINGLY SITUATED on the NW. bank overhanging the 
pase waterside of the sparkling, mountain-fed stream called the 
my Bileshwari Vokala, the village of Asidpat, built upon a foundation of 


we 
a huge truncated columns of granophyre and fringed on its southern 
aspect by a deposit of the miliolite-base, was chosen as a centre for final 
f i 
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observations on the geological structure of the central and eastern 
group of the Barda Hills comprised within the boundaries of Porbandar 
State. 

Tents were found pleasantly pitched under the shade of a venerable 
mango tree, within a stone’s throw of the rippling stream, at noontide 
on the oth of May, and everything having been got into good working 
order, the succeeding couple of days were devoted to the compilation 
of this report from the diary and field note-book ; while arrangements 
were likewise made for a long excursion on foot into the "heart of the 
hills’ rising to the respectable height of 1,148 feet on the WNW. 

At 7 o'clock on the morning of the 12th instant, a couple of bullock- 
carts and 4 men, as guides and coolies, accompanied the surveying party 
north-westward along the uneven track skirting the N. bank of the 


Bileshwari Vokala, gradually running dry. The scarp on this N. bank, . 


descends sheer down for 17 feet to the bed of the stream, which runs 
over the shorn-ends of gigantic columns of coarse granophyre, covered 
at the scarp-top by a crust of miliolite, full of fragments of the mountain- 
massive on which it rests. The S. bank of the stream shelves. gently 
upwards as a stony terrace, largely clothed with a kind of leguminous 
tree, Pongamia glabra, which is accounted to be valuable for the pre- 
paration of “Indian Pearl-ash."” The dry ledge of a water-fall hard 
by, looked as though good specimens could be easily detached from the 
angular edges presented temptingly to view; but when the sledge 
hammer was brought to bear upon them, nothing save wee thered samples 
could be secured. 

It was specially observed that the miliolite deposits,—denuded down 
to their very base, and appearing as mere crusts of stone full of grains 


and fragments of the mountain-massive ; sometimes overlying the — 


ancient subsoil layers of the latter, and at others resting directly upon 
the solid-rock in all its pristine freshness,—assume, along the valley of the 
Bileshwari Vokala and its surroundings, a level varying from 247, at 
Bileshwar Village, to nearly 300 feet above datum, These facts lend 
additional and strong support to the conclusion that the Pleistocene 
sea must have submerged the entire region around the Barda Hills 
to the miliolite limit-mark of what is to-day 300 feet or so above the level 
of the sea, The flat plain stretching eastward, with occasional out- 
crops of outlying ridges of the mountain-massive, is deeply overlaid 
with detrital felsitic sand and earth, but nevertheless strongly sugges- 
tive of the presence of the older series of bedded-lavas of the early part 
of the Deccan-trap Period, through which the later hypabyssal rocks 
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were thrust. This is indicated by the practically horizontal patches 
which lie between the hill+spurs, surround the outliers of the mountain- 
massive and become continuous with the plains of bedded-lava of the 
countryside beyond. 

Ascending by a steep foot-path to the base of the lofty hill called 
Babia Dungar, the summit of which is situated nearly 3 miles WNW, 
‘as the crow flies,” from Asiapdt, the entire mass of the great core of 
the Bardas, of which this forms a fractional part, appears to be consti- 
tuted by a coarsely textured, but exceedingly tough grey granophyre, 
severely weathered to a whitish colour, and exhibiting numerous separa- 
tions of iron-ore and other alteration products, the true nature of which 
remains to be discovered by both chemical and optical analyses. 

There can be no doubt that the enormous development of this grey 
granophyre, in a variety of fine, medium and coarse textures, would 
form an inexhaustible source of supply of stone suitable for situations 
where exceptional strength of materials is required ; but, for the present, 
the sites are: practically imaccessible. Fortunately, however, stone of 
essentially similar character, outcrops at lower levels, along the entire 
base of the hills, by the side of which cart-tracks already exist. 

Proceeding northward along the base of Babia Dungar by the 
foot-path swerving W. to the shepherd's retreat, called Azmipat Nes, 
it was found that a great spur from the summit, stretches NNE. for 
considerably more then half-a-mile, and, as such offshoots from the 
main mass usually exhibit modifications of structure, samples from the 
top and bottom of the spur were carefully examined and discovered to 
be excessively tough, strong, and of a distinctly ornamental character ;— 
similar indeed in all respects to sample No. 65, which was provisionally 
registered as a mottled spherulitic and granophyric-felsite. At this new 
site, however, the stone occurs in greater abundance and is much fresher, 
especially in the valley at the westward base of the spur, locally known 

as Krishna Jhar. 

Another noteworthy feature of the rock of this spur is, that on its 
westward aspect approaching Azmapat Nes, the mass exhibits a coarse 
kind of cleavage into a parallelopipedal shingle, which however could 
not be obtained in a fresh condition without recourse to blasting; so 
that only weathered samples were secured for future laboratory ex- 
amination. This great spur appears to have been thrust through the 
already existent mountain-massive under conditions of great lateral 
pressure, thereby resulting in the transverse cleavages abovenoted ; 
while the original intrusive or dyke-rock assumes, by its wearing<lown, 
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the outward aspect of a series of steps, or pais, a5 they are termed in the 
vernacular -—hence the local names, Asiipat, Azmapdt, Kharipst. 
On reaching Azmapit Nes, which lies in the valley nearly 14 miles 


' SSE. of the most northerly boundary of the State in this central hilly 


region, it was observed that a high ridge, (Hadio Dhar) which runs 
practically E. and W., marks the divide between the States of Porbandar 
and Navdanagar, and is constituted by coarse granophyric rocks, essen- 
tially similar to those of Babia Dungar, and the assemblage of adjacent 


hills and heights. The shepherds, or more correctly goatherds and, 


buffalo-keepers at this time of the year, usually desert their huts at 
Azmapat Nes to seek the shade and shelter of a few Banyan Trees, from 
the scorching sun, at some distance dawn the vallev called Nur Jhar, 
which takes a southward course separating Babia Dungar on the E. 
from Kaladongar at the W. 

Kilddongar rises to the height of 1,148 feet above the sea level, 
being thus 108 feet higher than its twin hill, Babia Dungar, and evidently 
a part of the same intrusive or dyke-mass, separated into two by the 
crosion of Nur Jhdr. The wide valley thus fornied holds a deep talus 
af felsitic earth and detached fragments of rock from the heights on either 
side, and supports a robust vegetation of Karaunda bushes and Jungle 
Jambu ;—the fruit of which, however, 5 not sufficiently esteemed to be 
of any market value. There can be no reason why these fertile moun- 
tain recesses should not be utilised for the cultivation of suitable varieties 
of fruit trees, which require little or no attention beyond their establish- 
ment to yield a plentiful supply of wholesome edible fruit ; as the soil 
is unquestionably rich enough; while the underground water-supply 
rarely sinks to depths that cannot be reached by the roots. 

Along the vale of Nur Jhar, for more than a mile on either side, 
the summit slopes of Babia Dungar on the E., and of Kalddongar at the 
W., afford numerous sites suitable for the excavation of large open 
quarries from which practically inexhaustible supplies of very large blocks 
ot a varied assortment of tough and durable granophyres of the highest 
economic grades could be readily extracted, For the present, however, 
these sites are inaccessible, but their existence is here recorded in anti- 
cipation of the future opening-up of suitable roadways. 

On the 15th instant, a final excursion was taken north-eastwardly 
from Asiipdt to cover the remainder of the untraversed ground around 
that centre of observation, The journey, by reason of the rough and 
hilly nature of the ground, was made in part on foot ; while the level 
patches of land were covered with less fatigue in a bullock-cart, which 
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was also found of service for the conveyance of the specimens 
collected. | 

After a run round the windings of the rivulet, up to about half-a- 
mile N. of the village of Bileshwar, it was noticed that the high-banks of 
the stream were more or less covered by tolerably thick deposits of 
conglomerates and obliquely laminated thin beds of the miliolite-base 
resting upon the decayed surface of the mountain-massive, and thickly 
clothed at places with the conspicuous flowering climber Cryptostegia 
grandijiora, of which little is now heard ; although, about a generation 
ago, it was reported to yield a beautiful fibre : while its latex was found 
to contain a goodly proportion of rubber. The leaves and tender shoots 
of the plant, however, are so notoriously poisonous that even hungry 
goats refuse to feed upon them. 

Proceeding NNE. in the direction of Sajanawala Nes, a halt was 
called 13 miles NE. by NNE. of Asidpdt, towards the centre of a flat 
expanse of land, almost encircled by ridges and other outlying outcrops 
of the mountain-massive. An area of well-soiled ground at this spot 
under cultivation, called for the sinking of a new well-shatt ; and, as 
already surmised, it was found that the strikingly flat surface was caused 
directly by the occurrence of horizontally disposed bedded-lavas imme- 
diately below ;—while these being in proximity to the subsequently 
intruded hypabyssal rocks of the elevated regions, were found to be 
harder, by reason of extended induration, (sub-contact metamorphism), 
than the bedded-lavas of the general countryside. 

The artificial section exposed by this well-shaft, showed from the 
surface downward :—(i).—2 to 3 feet of calcareo-siliceous soil, derived 
from detrital washings of granophyres and felsites, which may be called 
‘« felsitic-earth ", mixed with the disintegrated limy soil of the miliolite- 
base deposits below. (ii).—About 1 foot of decomposing, rubbly miliolite 
full of fragments of both hypabyssal and volcanic origin. (iii). —Voleanic 
subsoil to a depth of about 4 feet, infiltrated with lime. (iv).—An ap- 
preciable thickness of amygdaloidal lava in a fairly fresh condition, 
crowded with sub-spherical zeolitiferous amygdales. (v).—Compact, 
hardened, bedded-lava in an almost perfectly fresh condition, 

Another well-shaft, some 300 yards SSW. of Sajanawala Nes, showed 
miliolite deposits to the depth of 10 feet ; while the NE. bank of the hill- 
stream flanking the S. side of the shepherds’ village, also revealed depo- 
sits of the miliolite-base, fully 9 feet deep. The miliolites at these parts 
directly overlie the bedded-lavas, but they also overlap the adjacent 
spurs and outliers of the mountain-massive farther afeld. 
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Taking the rough cart-track which leads northward from Sajanawila 
Nes, for a trifle over a mile to the boundary of the State, it was observed 
that the ground is rendered hilly in all directions by a succession of ridge 
spurs radiating southward from the heights of Runasar Talav and Rani- 
sar Dhar, 732 feet above the level of the sea. These spurs, as already 
mentioned, are not only generally accessible for quarrying ‘operations, 
but usually abound in valuable varieties of stone ; So that it was not 
surprising to find good utilisable developments, which could be profitably 
exploited as soon as a few traffic routes are established. Finely-textured 
granophyres of the highest-grades occur in abundance in the immediate 
neighbourhood of Sajanawdla Nes, and the other more westward spurs 
from Rinidsar Dhar, while the rock forming the elevation on the 5. side 
of Randsar Talav, consists of a very dark, almost black felsitic stone full 
of elongated porphyritic crystals, probably of pyroxene, the true nature 
of which awaits determination. The precise sites suitable for excavation 
along these hill-spurs, were duly noted, and samples fram each site 
accurately registered and provisionally named. 

It may be casually noted that Ranasar Talav at this time of the vear 
was found to be fairly full of water in a semi-stagnant condition, crowded 
with water-weeds, and of a bright-green colour due to the presence of 
countless microscopic zoospores of freshwater Alga. The Rindsar 
Heights and the Jhir or gorge leading southward therefrom exhibited a 
distinctively upland flora;—conspicuous amongst others being the Bastard 
Teak Butea frondosa, in full foliage ; and, lower down, close growths of 
shrubby-trees of Acacia senegal, A. ferruginea, and the closely allied 
Dichrostachys cineria with its strikingly beautiful hermaphrodite inflores- 
cence in pink and vellow ; while interspaces were fully occupied by three 
or four kinds of Cassia, the ubiquitous Zizyphus nummudaria and another 
variety of wild Jujube, Zizyphus xylopyrus;—all of them indicative of the 
fact that the soil and general conditions are suitable for the cultivation 
of economic plants. 

On the return journey from Randsar Talav, a westward and then 
southerly course was taken along the base of the high-hills and their 
numerous spurs ; and among other sites from which samples were gather- 
ed, a specially good position for a fairly large quarry of fresh and strong 
blue-grey granophyre was registered as occurring in the form of a nether 
hillock at the SE. base of Ghoda-Linki Dhdr, near by Fatal Talav Nes, 
approximately 1} miles ENE. of Babia Dungar Summit. 

Tents were struck at 8 o'clock on the morning of the 17th mstant, 
and the return journey to headquarters was accomplished during the 


= - 
is 
ke 1 





f 





































_-* afternoon of the same day; | Rates, 
“ ea remaining portion of untraversed ground in the State ;—namely the area ‘es eS 
a nr bordering the base of the Barda Group of hills from the spur ¢alled = 
sige t  Fakida Dhir, 1} miles NW. of Bordi, to the hill-pass and Railway-— Mags 
cen . cutting near the base ot Pidra Dungar, Known as Javantdra Gara. Oa , 
Gals Fakdda Dhar spur has already been noted as a suitable site for the -. “43 
ach opening of a quarry to supply building-blocks of a very superior hght- =r ite 
eS grey granophyre, within easy distance of Bordi. The spur runs WSW, | “)iakie 
Wea by SW. to the base of Gared Dhar, where the rock assumes a coarser Lat ; 
i texture, and obtains in gigantic columns, very much weathered and al~ = ay rs 
tox tered superficially, but well adapted for being blasted to yield abundant 
Ae supplies of dock-building stone, of a deep-grey colour in its perfectly =~ 
ear fresh condition. From this spur, at a distance of about 2 miles from af 
a cat Bordi, a secondary short spur taking a NNW. to SSE. direction, andalso © 
ae. available as a quarry-site, yields a medijum-textured brown-grey stone, hy aa 
ee, which shows signs of developing into an ornamental condition of the == ar 
ieee Fh" character provisionally registered as a mottled blue-grey and buff, nest 
ae) | granophytic felsite, Nos. 65 and 538. There can be no doubt that the ar 
Me deep-seated, perfectly unaltered portions of the mass are of a uniformly = 
int grey colour; but that it acquires its varied hues through epigene pene 
¢ dak Sundry additional specimens, showing struc tural peculiarities in the ie k 
» ag ; outcropping Dwarka Group of marine deposits, in the neighbourhood of — Jie 
Pras Virpur by the side of the Ranawdo high-road, were finally secured and ‘je 
ih, registered in completion of the State Geological Collection. Nie. 
raha a ——————— i] 
NS | 
" Wve Date. Provisional Name. Locality and Remarks. 
rN ee 

‘Sie 45-16 | Pale Buil- "aT re. Parti-| NW. end of Asiidpu ite t 
ee 8 te owen a Se 
Na 12-5-16 | 533 |Miliolite-limestone Base. Resting!S. side of Asiipit. Top of N. 
a faa on Granophyre-conglomerate. bank of Bileshwari Vokaia. 
aah 12-5-16 | 534 tone. ‘| mile N. of Bileshwar. Top of N. 
a it Granophyre-conglomerate bank of Bileshwari Vokals. | 
BUTANE. 12-5-16 Pale Buff-grey Granophyre | Waterfall. Bed of Vokala, } mile 
eet = Weathered and Sunbaked. N. of Bileshwar. a 
ah a i 12-5-16 | 536 |Altered White Granophyro. With| Base of E. slope of Babia Dungat, 
ust Iron and Secondary Products. 
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NNE. «pur from Babia Dungar. 
Erey an 


| Gronophyric-febite. Mottled 
Blue-grey and Buif. 


Krishna Jhir, 1 mile NNE. of 
Summit of Babia Dungar. 


Granophyric-felsite. Cleaved and|} mile E. of Azmipat Nes, Barda 
Decom posed. Hills. 










Altered Granoy . White, doe/Bed of Nur Jhir, near Azmapat 
to Incipient . er a Nes. 


Coarse, Whitish eek aes E. slope. Base of Kalidongar. 
Altered by Weathering. 


Amygdaloidal Lava. 10 ft. from)!} miles NE. by NNE. of Asidpat 
Surface of Well-shaft. and 800 yds. from Sajanawila 
Nes. 

Compact Bedded-lava. .. ‘ -|Underlying 542. 
Miljolite-limestone. Ease, .»|Overlying 42. 


Miliolite-limestone, Base 10 ft./300 yds, 83 W. of Sajanawala Nes. 
deep Deposit. 


Raddy-grey ated te fa Fine-/Small Mound. 50 yds. NNE, of 
textured. Sunbaked Sajanawila Nes. 


Rrown-grey Granophyre. Fine-|500 yds. NNE. of Sajanawila Nex, 
textured, Sunbaked. called Kambiila Dhar. 
t -y yds. NNW. of Sajanawila 


Nes. 
Partially Aihtacer Felsite. Small|550 yds.NNW.of Sajanawila Nes. 
| Spor-moun | 


Compact Porphyritic Felsite. ..|Slope. 8. side of Raéndsar Talav. 















Pale- gre y Granophyric-felsite. gi of Randsar Dhir, 3} mile 
Slightly sun baked. NNW. of Sajanawila Nes. 
Blue-black Felsite ** --|} mile NW. of Sajanawila Nes. 


|Blue-Grey Gran fess go's Fresh,|SE. base of Ghoda-Lanki Dhir, 
Medjum-text Adjoining Fatal Talav Nes. 


‘Brown-grey Crna parce: Medium wee from SE. slope of Gared 
| textured. Sunbaked. bir. 2 miles W. of Bordi. 


e, Grey Granophyre. Super-|NE. to SW. Sper feven Geren >t 
ficially Altered. 2 miles W. of Bordi., 
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- FIRST TRAVERSE or geological reconnaissance has now 
been made of the sub-central portions of the State, extend- 
ing from headquarters in Porbandar City, via Randwao and 

Bordi to the boundary township of Kandorna ;—thereby constitut- 
ing four Camp-Stations, from which observations on the structure 
and petrography of the countryside have been duly recorded. 

In this summary of results, it may be explained that the initial 
routes of traverse were chosen, not haphazard, but with a view to 
verifying, 35 speedily as possible, the forecast that the region 
selected would be prolific in favourable sites for the exploitation 
of quarries of merchantable stone, hitherto left untouched by rea- 
son of lack of reliable information; but nevertheless of such high 
intrinsic merits as to justify the expectation that when once suffic’- 
ently made known, they would command the stone markets of In- 
dia in their own particular class. 

Porbandar State has long been famous in the annals of archi- 
tecture as the original home of the incomparable limestone techni- 
cally termed “Miliolite;" but also, and more appropriately called by 
commercial men, “ Porbandar-Stone. 
The extensive series of quarries at the 
heights of Adatidna, perhaps the larg- 
est of their kind in the world, will, as soon as all collateral infor. 

l 


Economic Attributes of 
“Porbandar-stone.”” 
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mation can be gathered, furnish the theme of a special descriptive 
and petrographical study in the sequel. Economically consider- 
ed, the stone, in its various grades, has long been recognised to 
hold an unshaken premier place among the building stones of In- 
dia, as applied to the erection of frontages and the walls of pub- 
lic-buildings and dwelling-houses generally. [n all such situations, 
Porbaudar-Stone stands pre-eminent; and, in this transitory world 
of ours, its best grades may be reckoned to remain uoimpared and 
to long outlast the lives of many generations. 

On account of its physical properties and chemical constitu- 
tion, however, Porbandar Stone, (which has a hardness only bare- 
ly exceeding that of its chief constituent,-carbonate of lime,-about 
3 on Mohs’s scale), except whenit contains a superabundance of 
sand, is comparatively worthless for use in situations that are 
subjected to severe wear and tear,-attrition and stress,-such as for 
foundations, floors, steps and landings, pavements and roadways, 
andin the construction of embankments, bridges, harbours and 
docks. For such purposes, only the strongest, toughest and most 
durable of materials ought to be indicated. 


The term “ Granite” has so long and so persistently been as- 
sociated in the popular mind with all that denotes great strength, 
that even professional engineers and architects now-a-days are apt 

to be misled in their choice of suitable 

ee eases misearchee ke materials, by the specification ( doubt- 

Applied Petrology. less correct), that the tendered stone is 

a granite. In the light of recent resear- 

ches in applied petrology, the porphyries and porphyrites unques- 

tionably rank highest, closely followed by the diabases and ba- 

salts; while the granites come in as a “bad third” in this “struggle 
for supremacy.” 


Applied petrology, as distinct, although but a special branch of 
the science of rocks, further teaches, thal the grouping of econo- 
mic stones into grades, is dependent, not so much upon the chemi- 
cal composition of the material, as upon its texture and the mutual 
relationship of its units, This again, in its turn, leads to the more 
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Fig. 1.—The Grey Granite of Aberdeen, Rubislaw 
Quarries, Aberdeenshire. 


Original Camera Lucida Drawing by E. Howard Adye, F. G. 5., ete. 
Magnified 55 diam. and slightly reduced. 


fefi-tand Semicircie, % wewed by ordinary transmitted light. 


PMerhtAca Senicorcie, between cr mased nicols ;—polarised light. 


To exhibit the thoroughly holocrystaline texture of atypical Plutonic or Abyssal 
rock ; where the mineral units are distinct, and leave no unindividualised 
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philosophic problems concerned with the nature and origin of rocks, 
the solutions for which can only be sought for and found by care- 
ful observation and experiment. 

It thus happens that when an essentially acid magma becomes 
consolidated deep down in the “bowels of the earth” under extraor- 
dinary conditions of pressure and temperatura, the resulting mass 
thus slowly solidified, becomes more 
or less thoroughly crystalline, or, in 
scientific parlance, /olocrystalline ;- in 
which the mineral units are completely separated without leaving 
any unindividualised material between them. When these crys- 
tals consist mainly and essentially of one or more alkali felspars, 
quartz and a ferro-magnesian constituent, such as mica, hornblende 
or augite, in fairly large coarse crystals, the rock is called a granite, 
but if the crystals are too small to be distinctly separable by the 
naked-eye, the mass is termed a microgranite. 

When the molten magma happens to be less acid, distinctly 
alkaline, basic or even ultrabasic in constitution, and subject to 
similar conditions of consolidation to yield holocrystalline textures, 

7 the resulting masses are recognised by 

qumenycoame sare petrographers under the distinctive 

names syenites, diorttes, gabbros and nori- 

tes and jferidotites; and all of these types, including the granites, 
are collectively classed as Abyssal or Plutonic Rocks. 

These brief explanations are not intended to serve as a primer 
of petrology, but are here entered as a desirable introduction to the 
proper understanding of the sequel by practical men, whose every- 
day business leads them to the borderland of systematised know- 
ledge. 

Under conditions of lesstardy refrigeration and subject to con- 
solidation under an appreciable relief of pressure, the same molten- 
magma which would otherwise became holocrystalline, may be 
changed, according to the rapidity of 
congelation, into anything from a glass, 
(pitchstone), toa granophyre or grano- 
phyric granite. It may be conceived that a deep-seated molten mass 


Holocrystalline Rocks Defio- 
edaod Exemplifled. 


Hypabyssal Rocks Defined and 


Classified. 


4 ECONUMIC GEULUGY OF PURBASDak SIATE 


of material undergoing secular refrigeration into a true granite, or 
other plutonic rock, finds certain parts of weakness in the crust of the 
earth, and naturally forces its way along the lines of least resist- 
ance, mainly towards the surface of the earth;—but only to be con- 
solidated before it reaches an outlet. Such dykes, sheets and bosses 

when consolidated at varying intermediate depths, have been cor- 

rectiy classed together as Ayfabyssal Rocks; and according to the 

degrees of crystallisation of their mineral constituents, are seve- 
rally known as Pilchstones, Felsites, Porfhyries and Porfhyrites, Dia- 
bases and Lamprophyres ;—in conformity with the acid or more basic 
character of the original molten-magma. 


When, however, the molten-magma, either acid, sub-acid., basic 
or ultra-basic is projected near to the surface, or to be even ejected 
through the surface of the earth, it consolidates, according to the 

Volcanic Rocks Delined and Fapisity cf copling into distinctly acid 

Classified. lavas, called Rhyolites; less acid lavas, 

known as Trachytes and Phonolites + in- 

termediate lavas, typified by Andesites and questionably by Dacites: 

basic lavas, familiarly termed Sasalfs including Dolerites: and 

lastly, ultra-basic lavas of the nature of Afagma-Basalts typified by 
the Limburgites. 


From the introductory information, concerning recognised facts 
recorded above, it will be readily understood and fully apprecia- 
ted, when it is stated that the massive origneous rocks encountered 

during the first traverse already ac- 

Sinton! ype pier complished, belong mainly to the class 

Traverse. of Hypabyssal Rocks, and to the fa- 

milies of Felsites, Porphyries and 

Porphyrites; while the Volcanic Rocks, in comparatively small 

development are represented by the family of Basalts and Dole- 
rites. 


Among the hypabyssal rocks that have hitherto been discover- 
ed, all of them are of economic value, but of varying degrees of 





Fig. 2.—North side of Railway-cutting, . mile ENE. 
of Ranawao Station. 
Photograph taken 6th September, 1915, at 11-30 a.m. 


Toshow the fresh cores or nuclei of spheroids, with their concentric shelis srvd 
intermediate Substance, rendered more apparent by weathering, in a 
typical hypabyssal rack (No, 95), of the Barda Group of hills, These 
spherodal shrinkages in linear succession constitute the columnar struc. 
ture, due to vertical jointing of the mass. The major axis of the 
spheroidal core on the left-hand side of the Picture, measures approxi- 
mately 5 feet. 
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JUINTIAG AND WEATHERING OF IGNEOUS KOCKS . 


utility and subservient to special purposes ; while the basalts and 
dolerites are also merchantable though less valuable and more re- 
stricted in their applications to everyday wants. 

Before the absolute values of individual samples can be regis- 
tered, each specimen will have have to be subjected to laboratory 
tests and careful microscopical determinations; but, in anticipa- 

tion of results, it is desirable that a 
seers oe ah taariaive af few further details should be succintly 
Dyke-rocka. elucidated, with a view to an exact 

appreciation hereafter. First of all, it 
may be observed that the hypabyssal in common with certain of the 
volcanic group of rocks are essentially of an intrusive character 
mainly manifested in the form of dykes thrust through superincum- 
bent structures. When these dykes or sheets assume gigantic pro- 
portions, the vast bulk of the rock is invariably divided by more 
or less vertical joints, mainly due to contraction during cooling, 
to torm huge columns, which in their turn divide transversely into 
cuboidal masses; while continued refrigeration results ina series 
of individual shrinkages within each subdivision intermittently, 50 
as to result in a spheroidal nucleus surrounded by concentric shells 
of matter. These structural peculiari- 
insect oh wieriae' dows ties become most apparent after expo- 
of Igacous Rocks, sure to atmospheric influences; and the 
breaking down of the rock-mass into 
sub-soil and soil by the processes of weathering, as it is called, fur- 
nishes an unerring clue as to the utility or otherwise of any given 
stone to the eye of the practised prospector. 


When therefore, the exposed surface of adyke of massive stone 
whether of hypabyssal or volcanic origin, exhibits a succession of 
large rounded boulders or spheroids each measuring over a footor 

soin diameter, the stone-prospector 
thant senlaed is aguas icine would do well to test the spheriods 
with a sledge-hammer, (from 7 to I4 
lbs, in weight ); and it will generally be found, that after the remo- 
yal of more or less decayed interstitial matter, the outer concentric 
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shells of the spberoid will break away with increasing difficulty 
from without inwards, until a sub-spheroidal core or nucleus of 
practically fresh and sound stone is left. These nuclei may, as a 
rule, be utilised for economic purposes, unless, of course, the wea- 
thering has gone so far as to decompose the entire structure into 
soil ; but, by digging deeper to the zone of underlying subsoil, a 
goodly proportion of valuable material may invariably be rescued, 
until the solid rock of the dyke is reached and blasting becomes 
imperative. 


Needless to note, quarrying operations ought, preferably, to be 
commenced on the slope of a hill-side or ridge ; and not, unless un- 
avoidable, upon level land ; 59 a5 to allow for natural drainage ; 

| sand ergo, the prevention of subsequent 

agaaep ey ho ites tor Quarry = ster-logging of the works. These re- 

marks, of course, apply more peticu- 

larly to the generality of massive rocks other than those that as- 

sume a bedded or stratified character. I[n the latter instances, and 

in excavating for special beds of sedimentary stone, seams of coal 

and horizontally or sub-horizontally disposed structures, mining, 

rather than quarrying operations, from a level surface, can be car- 
ried on to the best advantage. 


There is another, and most important factor to be borne in 
mind, when prospecting for economic massive stone, in this connec- 
tion, viz.,-when comparatively small dykes,-say, of about 20 to 50 

| | ah feet or so, are found favourably situat- 
Peculiarities in the Jointed Sek ae ae 
Structure ef Small Dykes ed. These dykes, especially of volca- 
nic, but also occasionally of hypabys- 
sal origin, frequently yield an abundant supply of sound merchant- 
able stone of exceptionally good quality ; but are liable to escape 
notice, or to be rejected when met with, for want of careful exami- 
nation, Such dykes usually exhibit a central portion, rudely join- 
ted into large vertical columns, subdivided as a rule by transverse 
cracks and spheroidal shrinkages, so as to afford large, and some- 
times gigantic blocks, capable of being blasted and trimmed into 
building-stones of even extraordinary dimensions; while their late- 
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Fig. 3.—_A Typical Granophyre, Wadwala, Alech Hills, 


Kathiawar. 


Photomicrograph of a Preparation by E. Howard Adye. 
Magnified 20 diam. 


The upper portion of this figure shows the erystals of quartz, (colourless) and 


ruddy-grey orthoclase felapar, intergrown to form the pegmafttic 
structure, which is visible as such to the naked eye ; but the bulk of the 
field of view,—the lower portion,—is composed of micropegmatite, Very 
clearly resolved by this power of 20 diameters into intricalely interlocked 
felspar (shaded) and quartz (clear), torming well-defined “ centric- 
systems" around nuclei of orthoclase felspar. A texture showing 
micropegmatite in these dimensions, denotes a rock of exceptional 
toughness and strength. When the dominant felspar is of the nature of 
orthoclase, the rock, asin this case, belongs to the petrological group 
of PorfpAyrics. 


Fig. 4.—Sunbaked Granophyre, Summit of Abapura Dungar, 


Barda Hills. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 20 diam. 


When closely scrutinised, the dominant portion of the field-of-view shows thal the 


rock-mass is essentinily similar in structure to that of Fig. 3; but 
although magnified equally, the texture of the micropegmatite can only 
be just barely discerned, forming centric-systems around nuclei, (two of 
which are shown), which have been altered, (laterised), by sunbaking, 
into deep-red opaque masses of, presumably, former orthoclase felspars. 
This phase of structure may be regarded as but a single step in advance 
from the felsitic or crppforrystalline to the granopiyric, and indicates, that 
although the mass may be much tougher than a granite, it is inferior in 
strength to the more advanced stage shown in Fig, 3, and is prone to 
prove slightly brittle and to splinter under sharp blows, or to pulverise 
under intense crushing force. 








STRENGTH AND DURABILITY OF ROCKS 7 


ral parietes, invariably of much finer texture, are liable to split in- 
to small parallelopipedal slabs, or even to be cleaved like a slate, 
and then into an unutilisable shingle. This happens most frequent- 
ly among volcanic dykes; but the lateral edges of small hypabys- 
sal dykes, seldom become cleaved into slabs of less than an inch 
in thickness; so that when met with ina fresh condition they pre- 
sent advantages rather than otherwise to prospectors in quest of 
road-metal, 

Further, when dykes of less than 20 feet in width are encoun- 
tered, and even when they occur in veins of but afew inches in 
thickness, they need not therefore be discarded ; becanse, when un- 
weathered, many of them, notably in 
the region of the bedded-lavas, are 
found to be composed of exceedingly 
compact and tough basalts which readily break along their unseen 
joints into polygonal pieces, admirably adapted for use as road- 
metal. Instances of these various modes of occurrence, in dyke- 
rocks of both hypabyssal and volcanic origin will be duly recorded 
in the sequel. 


Polyhedral Jointing in Small 
Dykes. 


It has already been observed that the utility of a stone, insofar 
as strength and durability are concerned, depends less upon its 
chemical composition than on its texture and the mutual relation- 

ship of its mineral units; and the 

Perley atetly sign Pas ne truth of this statement can scarcely be 
oo Chemical Composition. more strikingly exemplified than by a 
detailed examination of phases in the 

evolution of the granophyres that are so abundantly in evidence in 
the Barda group of hills, within the boundaries of Porbander State. 


Petrographers are familar with the fact that when a mass of 
granite or other plutonic rock sends forth intrusions into its sur- 
roundings, the dykes or veins so formed invariably exhibit what is 
known as the granofhyric structure ; or, 
in other words, an intergrowth of its 
quartz and felspar constituents. It has further been found that 
wherever such structure obtains, the rock-mass acquires added 


Grasophyric Stracture. 
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strength and durability; but that these properties are dependent 
upon the texture,—coarse, medium or fine,—of the intergrowths. 
When the texture is sufficiently coarse to be plainly visible to the 
normal naked eye, the structure is technically termed Pegmatite ; 
but when it is too fine to be detected without artificial aid, it is 
called micropegmatite. 


Economically considered, micropegmatite, (which is charac- 
teristic of the group of rocks known as granophyres), may be taken 
as the determining factor in optical analysis, insofar as the strength 
of the structure is concerned. The 
strength of the sample, moreover, is 
not only proportionate to the presence, in quantity, of the micropeg- 
matite, but to the degree of its development, ¢. g., when the micro- 
pegmatite is very clearly shown, and also furnishes the dominant 
feature in the field of view under a magnifying power of from 20 to 
25 diameters, the rock-mass may unerringly be pronounced to be 
stronger and tougher than when the micropegmatite can only be 
barely resolved as such, under the same powers of the microscope. 
Needless to note, it is assumed that the materials under observa- 
tion are in a perfectly fresh and unaltered condition. 


Pegmatite and Micropegmatite. 


The term “Granophyre” will therefore hereinafter be reserved 
to denote rock-structures in which the granophyric element or mi- 
cropegmatite occurs as the dominant constituent; and it will be 
found that the strongest granophyres 
are those in which the micropegmatitic 
portions are neither too coarse nor too 
finely textured, but can be very clearly 
discerned under moderately low powers, ( 20 to 25 diameters ), of 
the microscope, as shown by Fig. 3. 


Definition of Qraaophyre, with 
Tests for Strength determined by 
Microscopic Structure. 


When the micropegmatite, still occurring as the dominant con- 
stituent of the rock, requires a power of about 50 diameters to re- 
solve its details clearly, the granophyre, although intensely hard 
and tough enough to rank as a high-grade economic stone, shows 
signs of passing into the “ Felsitic” condition. See Fig. 4. 


PLATE IV. 





Fig. 5.—_Spherulitic Felsite, Satavari Jhar, Barda Hills. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 25 diam. 


T he fekl of view in this rock-section, Shows. I eT ound-mAss ol troe felsite, sit idclecl 
with anumber of spherulites. The felsitic portion consists essentially of 
acryplocrystalline intergrowth of quartz and felspar, which, when viewed 
under ordinary transmitted light shows no sens of structure : but with 
polarised light reveals its dual character. The spherulites can be seen 
to be built up of lighter, (quartz), and darker, | felapar), fibrils radiating 
from central noche, and give the characteristic black cross with polarised 
light. They are in reality incipient intergrowths of felapar and quartz, 
foreshadowing the formation of mict opeymatite, Spherulitic felsites are 
always intensely hard, but more or less glassy, and frequenily highly 


ornamental and capable of taking a brilliant polish. 
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PROPERTIES AND USES OF FELSITES 9 


True felsite, in the sense in which the term will hereafter be 
used in this report, and within the meaning of the name as accept- 
ed by progressive petrographers, consists of a massive type of rock, 
identical in chemical constitution with 
rocks of plutonic origin, in which tne 
crystallisation of the molten magma 
has been almost entirely arrested, so as to result in the formation 
of an apparently homogeneous or cryPlo-crystalline structure, where- 
in no trace of individuality, as mineral units, can be detected 
either by the naked-eye or with ordinary light under the micro- 
scope. The crypto-crystalline or hidden character of the differen- 
tiation of the glassy mass into incipient crystals can, however, be 
made out by the use of polarised light: so that if the felsite hap- 
pens to be identical in chemical composition witha granite, its lead- 
ing constituents of felspar and quartz can be recognised, in spite 
of being so intimately and obscurely blended together. Such fel- 
sites do not occur naturally, in large uniform masses, butare al- 
ways more or less diversified by crystalline patches, sporadic cry- 
stals or incipient growths. 


Felgite and the Felsitic or 
Crypto-crystallioe Strecture. 


When the crypto-crystalline texture predominates, the rock for 
all practical purposes may be regarded as a Felsite, and in this 
generalised condition is possessed of physical properties, the prin- 

cipal featuresof which may be sum- 
Pyles Properties and Uses marised as intense hardness and capa- 
bility of withstanding severe abrasion; 
but the texture by reason of its sub-vitreous character, cannot re- 
sist sharp blows nor the stress of severe crushing force, and is 
therefore unsuitable for either general building construction or for 
road-making operations. On the other hand, the felsites ought to 
furnish ideal material for the construction of steps, landings and 
floors,-in slabs and tiles;-and are frequently, in some of their 
varieties, and altered forms, so highly ornamental, as to justify 
their use for the production of table-tops, clock-cases, vases, fancy 
tiles and the like ;-as they are all capable of taking a brilliant po- 
lish. 
2 
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Transitional phases in the passage of felsites to granophyres 
are of frequent occurrence among the hypabyssal formations of 
the Barda Hills. Sometimes, these enormous mass¢s of dyke-rock 

exhibit variations in texture at differ- 

Transitional Phases from Fel- ent parts, comparable to those so com- 

sites to Uranophyres. 7 ; 

monly found among acid lava-flows ; 

while among the smaller intrusions of the same (hypabyssal ) se- 

ries, every diversity of geological structure and lithological texture 

may be discovered, within the compass of even very limited areas; 

so that in pegging out quarry-sites for the extraction of uniform 

quality of stone, great care should be exercised to secure material 

strictly true to sample by quarrymasters who are not also expert 
petrologists. 

Although no sharp line of demarcation can be drawn between 
felsites and granophyres, exceptin extreme phases of structure, 
there are, nevertheless, a few practical “ wrinkles” that can be 
made to serve as guides to the student of applied petrology. 

Under conditions of very rapid cooling at intermediate (hypa- 
byssal) depths in the earth’s crust, an acid magma, would in all 
probability consolidate to form a glassy or vitreous rock, more or 

less crowded with ferro-magnesian 

Blog rg beaspipili microlites and crystallites of indeter- 

Rocks. | | minable composition, Such rocks are 

termed Pilchstones ; but, although they 

come within the category of the special series now under consider- 
ation, no examples have yet been discovered in Porbandar State. 


When the same magma takes solid form less rapidly, so thatit 
has time and opportunity, the bulk of the texture instead of being 
vitreous ( amorphous or isotropic ), becomes crypto-crystalline ; that 

is to say, that while its minor acces- 

Ea esairtot taflnaasone Troe. sory minerals such as iron-ores, and 
its ferromagnesian constituents, (pyro- 

xene in the Porbandar types ), take recognisable form, the domi- 
nant portion of the mass consists of an apparently structureless 
material ; but, instead of being isotropic,can be resolved by pola- 


PLATE V 





Fig. 6. East End of Bridge on the Ranawao Road, 
spanning the Creek at Porbandar. 


Photograph taken, 6th September, 1915, by E. Howard Adye. 


A group of “Tehutri” or Umbrella Babuls, Acacia Alonifrons, prows by the side 
of a site which affords a good exposure, showing a superficial layer of 
coarse, sandy and much honevcombed Miliolite, overlying thin beds of 
Consolidated Shell-Sand and Conglomerate of the Dwarka Series o1 
Post-Plhocene Beds : which, in ther turn, are found resting conformably 
upon the upper portion of yellow Limonitic-Limestone of the Gaj Grcup 


of Beds of Miocene age. 
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SPHERULITES AND SPHERULITIC FELSITES If 


rised light into birefringent constituents, which exhibit the optical 
reactions of felspar and quartz so intricately intergrown as to be 
practically amalgamated and inseparable. To this texture, and this 
texture alone, when it occurs in hypabyssal rocks, and not when 
found present in acid rocks of volcanic origin, (asin the rhyolites) 
the term Felsite will herein and hereafter be exclusively applied. 


A slightly advanced stage in crystallisation, is heralded by the 
appearance within the felsitic ground-mass described above, of 
minute spheres called sfherwlites; and when these are characteris- 

tic of the rock-mass, which frequently 
= cog and Spherulitic § }ecomes ornamental,the stone may be 
called a Spherulitic-Felsite, Uuder 
moderately high magnifying powers of the microscope,-from 50 to 
150 diameters or so, and with the employment of polarised light, 
these spherulites may be demonstrated to consist of radially dis- 
posed fibrils or elongated crystals (microlites ) of felspar and 
quartz, which are normally, the last minerals to take crystalline 
form; and, when abundantly present, endow the rock-mass with 
increased toughness; so that rocks of this description, which are 
well represented in the Porbandar formations of the Barda Hills, 
may be utilised not only tor ornamental purposes, but the wastage 
could be profitably broken to guage to furnish good and sound 
road-metal. 


Subsequent developments of the spherulutic type of structure, 
may frequently be witnessed amongthe Porbandar felsites, where 
the simultaneous crystallisation of the felspar and quartz assumes 

the form of elongated laths of those 

Mele desir poate minerals projecting radially from a 

Spherulites. more or less well developed crystalline 

nucleus, thereby producing so many 

centric systems; which, when closely aggregated, have by some 
writers been called pseudo-spherulifes. 


A stage in advance of the above is shown, when further differ- 
entiation takes place, and the radially disposed laths of quartz and 


= 
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felspar assume more highly developed crystalline forms, on an 
excessively minute scale, thereby giv- 
ing birth to centric systems of incipi- 
ent micropegmatite. A rock thus cons- 
tituted, may confidently be expected to rank as decidedly stronger 
and tougher than one in which the centric systems or spherulites 
consist of radially arranged cryptographic intergrowths of felspar 
and quartz, which can instantly be detected by the use of polarised 
light under the microscope; for, between crossed nicols they show 
the characteristic black cross, caused by extinction in those fibres 
whose axes lie parallel to one of the cross-wires indicating the 
diagonals of the polariscopic prisms. 

[Incipient micropegmatite, of the character noted above, heralds 
the type of structure called granophyric, which, in its finest develop- 
ment, with reference to the strength of materials, is found forming 

the ground-mass Ol rocks properly cal- 

ea ia, Oeite- led granophyres - and, among grano- 

phyres. phyres, itis only those textures that 

can be very clearly shown to be main- 

ly composed of micropegmatite capable of being most readily stu- 

died under magnifying powers of from 20 to 25 diameters, which 

jusuiiy a claim to be placed. in the highest grade of building stoves 

and materials, where strength and durability are the criteria upon 
which to decide. 

On scanning the register of rocks collected during the first 
traverse though the southern and south-western regions of the 
Barda group of hills, it will be gathered that Porbandar State is 
exceptionally rich in rocks of the granophyric type, and also con- 
tains many felsites of economic worth. These have been very 
carefully located; but are only provisionally named, pending 
workshop preparations and laboratory determinations. As soon as 
this work has been accomplished, each commercially valuable or 
scientifically interesting specimen will be accurately named and 
described in detail. 

Explanatory matter dealing with the other massive or igneous 
rocks met with during the surveys up to the end of the first quar- 


Centric Systems of Incipleat 
Micropegmatite. 


PLATE VI. 





Fig. 7.—Consolidated Shell-Sand, Scarp of Marsania 
Vokala, Arabian Sea-shore near Lamba. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 20 diameters. 


The field of view shows comminuted remains of the shells of Woll/usra, mixed with a 
good many Well-preserved tests of Foraminifera, —Aefaliagr, probably of 
Pleistocene age, bits of other contemporary marine organisms and grains 
of sand, etc., loosely held together by recrystallised, infiltrated calcite ; 
which however, in this instance, does not fllup all interspaces, [his 
picture has been selected for the sake of comparison, to show, ala 
glance, the wide difference that subsists belween rocks of this type and 


the true Miliolites of later date, 
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ter will be given in these pages, as soon as the regions in which 

they are developed have been travers- 

Mosag taped aati toe fees ed. For the present it will be sufficient 

Kandoroa. to note that only one large basaltic 

dyke in the neighbourhood of Ran4- 

wao Station, and a small eminence formed by bedded lavas to the 
immediate E. of Kandorna have yet been encountered. 


With reference tothe sedimentary and kindred deposits hither- 
to identified as forming integral factors or phyla among the rocks 
encountered during the traverses to date, a brief explanation in 
this place of their stratigraphical relations, modes of origin, and 
distinctive features may advantageously be recorded as fullows :-— 


Evidences of the geological age of the massive rocks, mainly 
derived from observations in Peninsular-lndia and also in other 
parts of the Province of Kathiawar, go to prove that the entire se- 

ries of igneous rocks including the 

ee Seattee Mitte great hypabyssal intrusions, the vol. 

State, canic dykes and the bedded-lavas, 

types of all of which are found in Por- 

bandar State, were formed during the Cretaceo-Eocene of the Eu- 

ropean andthe Deccan-Trap Period of the Indian Geological Re- 
cord, 


The convulsions which gave birth to the enormous overflows 
of lava from gigantic fissures, resulted in the forma tion of the vast 
accumulation of bedded lavas with their subsidiary dykes, which 
to-day Constitute the wide plains and ranges of hog-backed hills 
of the countryside ; and these were clearly consolidated at inter- 
vals, probably during the closing of the Cretaceous and the com- 
mencement of the Eocene Period ; so that the oldest rocks of the 
Porbandar State do not.date any further back in the history of the 
formation of the Earth's crust, than the close of the Mesozoic Era. 


Volcanic activity, however, was unquestionably rife during 
early Eocene days, and probably abated and ceased altogether 
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during that Geological Period ;-its later manifestations being limit- 
ed to a few violent outbursts through 
Early Eocene Age of the Barda §=focj of eruption, the wrecks of which, 
Group of Hills. Cire 
persist in the form of groups of moun- 
tains and high-hills, now familiar in our midst as Mount Girnar, 
and the Barda and Alech Hills. 

It is conceivable that the pent-up molten material prior to the 
final outburst in Eocene times would become differentiated into 
zones of lighter acid magmas above and heavier basic magmas be- 
low ; 80 that when the material was thrust upwards through lines 
of weakness in the superincumbent solid crust of the earth, the 
acid and more viscous matter would consolidate practically in the 
immediate neighbourhood of the outlet: while the more mobile 
basic matter would subsequently be forced far and wide. 

Observations in the field, confirm the assumption noted above; 
for it has been found that the core of intruded material forming 
the basal wreck of a huge volcano or compound volcano in the re- 
gion of the Barda Hills, is composed of denuded dyke rocks of 
hypabyssal origin, supplemented by contiguous masses and dykes 
of rhyolite, (acid volcanics), and enormous far-reaching dykes of 
dolerite, (basic volcanics), which stretch like lofty ramparts from 
the base of the group to distant parts of the Province. 

Upon the cessation of volcanic activity, a prolonged period of 
severe denudation must naturally have followed to devastate the 
gigantic mountains to their very base, so as to lay bare their hypa- 
byssal cores; while simultaneous and subsequent earth movements, 
of the nature of gradual subsidences and elevations of the land 
must have supervened, to account for the present physiographical 
features of the countryside. 

Detailed studies of the sedimentary deposits along the coastal 
and sub-coastal areas of Porbandar State, serve to reveal many 
noteworthy and interesting facts of both scientific and economic 

| significance. It has been found, and 

Land from the Cetst at Perbag, -/¥ recorded in the monthly or Nar- 

darto the base of the Barda ative Reports of this Department, that 

Grong of Hills, there are indisputable evidences to 
puta 





Fig. 8.—Miliolite-Limestone, Adatiana Heights, 
Barda Hills. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 20 diameters. 


This is a picture of the highest grade of “ Porbandar-Stone,” to show the practical- 
ly uniform-size of its clastic particles, firmly held together by a fine 
mosaic of re-crystallised or secondary calcite. Among the clastic particles 
there are many tests of pelagic Foraminifera, (Globigerinide), to testify 
to its origin as a marine sedimentary deposit of probably Pleistocene age. 
This particular specimen was taken from the central beds of the vast 
deposit which lies directly upon the hypabyssal rocks eroded to form the 
exceptionally deep cradle at the base of the south-western flank of the 
Barda Hills in Porbandar State. 


Fig. 9.—Miliolite-Limestone, Amakharda Quarries, 
Bhanwad, Barda Hills. 


Photomicrograph from a Preparation by E. Howard Adye. 
Magnified 35 diameters. 


This picture reveals the fact that the deposit must have been laid wpon a site formed 
of Gij fimonitic limestone, and in the immediate neighbourhood of both 
hypabyssal and volcanic rocks; for, in addition to the dominant marine 
organic remains, its clastic constituents include many particles of limo- 
nitic limestone, of basalts and traces of granophyres. The re-crystallis- 
ed matrix of calcite, under this slightly higher power, is clearly shown by 
the outlines of its fessera, By reason of the variety of its particles and 
less uniformity in their sizes, this, although reckoned to be a good 
building stone, is decidedly inferior to the example shown by Fig. 8. 
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prove that there must have been a gradual sinking of the ground 
from the present sea-board right up to near the base of the Barda 
Hills in the direction of Adatiana and Randwao inthe Tertiary Era 
or more precisely during the Miocene Period,-equivalent to the Gaj 
Group of Sind and the Dwarka Beds of north-western Kathiawar. 

These deposits consist mainly of limonitic limestones and cong- 
lomerates full of characteristic fossils, only just barely detectable 
in the recently formed rocks of the coast-line, by the rounded frag- 

ments imbedded in the latter. The up- 
F ecapcegiageprebeace rey tare per beds of these Gai limestones are 
or Gaj Beds of Porbandar State. also visible atthe surface, towards the 
base of the scarp on the W. bank of the 
Creek spanned by the bridge of the Ranawao Road, Porbandar, and 
also on the W. side of the N. end of the Victoria Jubilee Bridge, 
Porbandar. Indications of these Tertiary limonitic limestones also 
appear intermittently at the surface, according to the sculpture of 
the land, on the roadsides leading from Porbandar via Virpur to 
Raudwao, and from Adatidna via Kolikhara backto the city. The 
best development of the stone however, in the vicinity of Porbandar 
is only to be met with at various depths below the surface ; notably 
by an examination of the well-shaft to the N. of the Dwarkadish 
Gardens in the Bokhira limit. Exact localities and details concern- 
ing these stones have been duly noted in the Register of Samples 
collected for the State as Nos. 7, 12, 16, 18, 23, 24, 45 [?], 84[?], 103, 
I0d4, and I08. 

From formerinvestigations, itis expected that the more exten- 
sive deposits of these stones of Tertiary age which are known to 
occur in still untraversed parts of the State arelikelyto yield com- 
mercial products of permanent importance in the form of ornamen- 
tal stone in various shades of yellow;and of pigments and distem- 
pers of the same colour ; which, of course, by the proper application 
of heat, could be converted into the popular marketable Indian-reds 
of commerce. 


The stone registered as No. 103, occurs as a practically horizon- 
tal bed of about 2 feet or soin thickness, at adepth of some I4 to 
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16 feet from the surface of the ground, disclosed by a newly sunk 
well-shaft noted above, which lies with- 
eater Petkaatar in Be in the limits of the village of Bokhira, 
about a mile N. of the city of Porbandar. 
The material appears to be identical with the variety of ornamental 
limonitic limestone named Pindaralite by the writer; but it would be 
impossible tostate to what extent the stratum is developed, as beds 
of this character, in the same series of formations elsewhere, have 
been found to be merely local and aptto vary in texture. Pindaralite, 
it may be mentioned, occurs asa uniformly textured stone of fine qua- 
lity, in form of a superficial bed of from 2 to 3 feet in thickness over a 
very small areain the ‘mmediate neighbourhood of the village of 
Pindira on the SW. shore of the Gulf of Kutch; and is a partially 
dolomitised limestone composed of almost ultra-microscopic parti- 
cles indued with limonitic staining, evidently derived from the 
wearing down of the lateritic rocks adjoining. 


This limonitic limestone with its deep substratum of richly fos- 
siliferous and rubbly conglomerates, has been shown to be overlaid 
by a succession of almost azoic beds, and beds composed almost en- 

tirely of comminuted marine shells, 

Commitee heatks Foraminifera, anda goodly proportion 

Beds, underlying the Coastal, of sand, and have collectively been as- 

cerry aml ” signed by FEDDEN also to the Tertiary 

Era as the uppermost series of strata of 

that age, which he designated Dwarka Beds, by reason of differing 

markedly in lithological characters and fossil contents from the Gaj 

Beds below, and on account of their typical development in the 
Okhamandal Taluka. 


The beds composed of comminuted shells alluded to above, 
are found in their lower or conglomeratic layers to contain brec- 
ciated as well as rounded fragments of Gaj limonitic limestone; 
while their upper portions, bear strong evidences of being sub-x0- 
lian in origin, or of the nature of raised-beaches. Itis these beds that 
are found exposed all along the eoast-line in the vicinily of Porban- 
dar-city, and which stretch far inland to even appear intermittently 
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at the base of the Bardas. The lower strata of these Dwarka Beds 
do not appear to be represented in the Porbandar State; but in the 
Okhamandal Taluka where they comprise tolerably thick depo- 
sits of ochreous earthy rocks, calcareous claysand gypseous depo- 
sits, conformably overlying the Gaj or Miocene deposits, they 
unquestionably belong to the Higher Tertiary or Pliocene Period; 
while the overlying beds of foraminiferal and molluscan shell- 
sand which tail off lenticularly to the SE., or Porbandarwards, 
are probably of Post-Pliocene, if not distinctly of Pleistocene age. 


Elevation of the land, in Post-Tertiary times, and the subae- 
rial denudation which followed, would be sufficient to account for 
the comparatively poor representation of the Tertiary G4j and 
Dwarka Beds along the W., SW., and S. shores of Kathiawar; but 
it is Certain, that a prolonged period of subsidence, probably com- 
mencing in early Post-Pliocene days, withthe accumulation of the 
Upper Dwarka Beds, must have continued far on into the Pleisto- 
cene Period, causing marine deposits to he gradually showered 
down, at first upon the littoral of the sea, but afterwards, as the 
subsidence went on, upon all previously formed submerged ground, 
until nothing remained of the former land but a few islands, to re- 
present the summits and slopes of only the highest hills and moun- 
tain tops of Kathiawar. The final elevation of the entire Province, 
with periodic states of quiescence, and of extensive denudation, 
would suffice to account for the present geological structure of the 
land, as follows :— 


The Consolidated Shell Sand, so freely found forming a sub- 
stratum, overlying the Gaj limonitic limestone, in and around the 
City of Porbandar, tails off gradually towards the elevated base of 

the Barda Hills; but is found to be 

- A eee te Mine, covered by deposits of quite a different 
lite Deposits of Porbandar State. character of stone, now familiarly 
known by the name of Miltolite. This 

miliolite occurs overlying all previously existing rocks ;-but only 
up to a definite limit upon the hil!-slopes. The base of the miliolite 
is frequently of the nature of a conglomerate, and is often false. 
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bedded; thereby proclaiming deposition in littoral depths, under 
more or less turbulent conditions. Its layers immediately above 
the conglomeratic portion, are usually much cancellated, and its 
texture coarse and sandy; both of which are signs of sedimentation 
in the “Laminarian,” or zone of great growths of Alge. If the 
deposit is very thick, the overlying layers are found to be increas- 
ingly uniform, free from deficiencies, and composed of the tests of 
pelagic as well as bottom-dwelling Foraminifera. Now, upon the 
elevation of the land, the total deposit would continue to increase,- 
but in an inverse order to the above, namely :—The finest quality 
of stone would grow gradually coarser, then become cancellated or 
honeycombed, and finally conglomeratic and obliquely laminated. 
Breaks in the continuity of elevation, or very gradual elevation, 
would serve to add fragments of already formed miliolite, that had 
risen above the sea level, to the material in progress of formation 
in both the shallows and the depths of the sea; so that by subsi- 
dence and elevation, coupled with the modifying influences of 
sub-aerial denudation and changes due to percolation, solution and 
re-deposition, a series of terraces of different textures of stone, 
which would necessarily vary both vertically and horizontally, 
would naturally result; and thatis exactly what has been found to 
be the case in tracing the superposition of the strata from the 
sea-level at Porbandar to its maximal development on the heights 
of Adatiana. 


Since the deposition of the miliolite during the Pleistocene 
Period, there does not appear to have been any subsidence of the 
land; but, on the contrary there are signs that the elevation has 

| | been and is still going on. In conse- 

4 ene titer copter digaeeaes Rocks uence of this, new rocks are being 
added to the surface of the land mainly 

in two ways: Firstly, by detritus washed down from elevations to 
mingle with the disintegrating surface rocks below, or to be carri- 
ed by watercourses to the sea; and secondly by zolian deposits, 
raised-beaches and river-terraces, all of which may be included 
under the headings of Sub-recent and Recent rocks, and many of 


PLATE IX 








Fig. 11.—Vein of Black Obsidian intercalated with Bands of Lithoidal 
Rhyolite. Contorted by being thrust through a Fissure with sundry 
abstructions. ESE. Scarpof Nala to Orio Vokala, 350 yards WNW. 
of Nigka. From a Phofograph by E, Howarp ADVE, F.G.5., taken 
on the 7th December, 1915. O. Obsidian. L.—Indurated, Lithoidal 
Rhyolite intercalated with the Obsidian, BL.—Lithoidal Rhyolite 
dnderlying the Obsidian-vein. C.—Caontoried portion of the View. 
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which will be enumerated and described in the sequel among the 
economic stones of the State. 

From the explanations afforded above, concerning the leading 
types of stone met with during this first traverse of the State, their 
origin, and relative positions upon the geological record, the fol- 
lowing summary of facts and conclusions will now be more readily 
understood and duly appreciated -— 

The area of the State covered during the first traverse, may be 
roughly indicated as being included within a circumscribing line 
(see Map) from Porbandar City through Khapat, Kolikhard, Ada- 

tidna,the extensive miliolite quarry-sites 

Summary of Results of the and adjoining granophyre grounds on 

bortestar nag reareee the Adatidna-Randwao heights, Rana- 
w4o Railway Station, the Ranawao 
State-Jungle Reserve, the country to the south of the Railway- 
line as far as Bordi and beyond tothe State-boundary, the State- 
boundary to the South of the Railway-line as far as the town 
of Kandorna, and the countryside north of and immediately 
surrounding the main-road from Kandorna via Wadwala, Randawao- 
town, Virpur and back to Porbandar Geological Survey Headquar- 
ters. The sea-coast and its borderland from Porbandar Customs- 
house to a little beyond the Rana Saheb’s Palace, was also care- 
fully traversed. 

The oldest rocks encountered, belong to the Cretaceo-Eocene 
Period of the European Geological Record which is substantially 
equivalent to the Deccan-Trap Period of Peninsular-India. Among 

the earliest formed rocks of this 

Piptoediry ge sa period, represented by the Bedded- 
Period. lavas and their dykes, only a very 
limited area is exposed to the E. of the 

River Minsar, but is obscured by their denuded deposits of coarse 
miliolite. Only one hog-backed hill of bedded-basalt, called Dhanak 
Dhar, just E. of Kandorna remains uncovered ; while the miliolite- 
conglomerate forming portions of the western scarped banks of 
the River Minsar at Walotra, but also at Khirasra, Kandorna and 
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Khijdar is full of brecciated as well as rounded fragments and 
pebbles of amygdaloidal and compact basalts manifestly derived 
from the underlying bedded-lavas. In the map the bedded-lava 
areas are tinted green, while the short parallel blue lines over the 
green ground show where the volcanic rocks are covered by depo- 
sits of miliolite. 


The later eruptive rocks of the Deccan-Trap Period, which, as 
already noted, probably consolidated at the beginning of the 
Eocene epoch, mainly in the form of hypabyssal intrusions, as well 

as acid and basic volcanic dyke-rocks, 
The Later Eruptives or Hypa- constitute, perhaps, the most important 
byasal andother Dyke-rocks of ral : ; ‘ot 
the Deccan-Trap Period. asset in economic stone that yet re- 
mains undeveloped. They include, 
among the hypabyssal members, a magnificent series of grano- 
phyres, which show every phase in the development of micropeg- 
matitic etructure ;—sure signs of great strength inthe texture. On 
the map, the granophyres, and granophyric-felsites occupy sites 
coloured green with small red crosses, 
Sinks cn the Genlasteal ‘Castel and where this is limned over = 
Porbandar State. short-blue parallel lines, it indicates 
that the granophyres are overlaid by a 
deposit of miliolite. The felsitic or cryptocrystalline phase, is in 
like manner shown by a green ground with red dots, and parallel 
blue lines to show the presence of miliolite deposits. Red 
crosses mixed with red dots on a green ground are used to denote 
intermediate phases, typified by granophyric felsites, and spheru- 
litic felsites. 


All of these hypabyssal rocks, namely the typical felsites and 
granophyres and their intermediate varieties constitute the vast 
bulk of the Barda group of hills, with their great spurs, and far- 
stretching outliers, the latter of which by reason of their accessible 
positions, offer exceptionally favourable sites for the opening of 
quarries. Quarry sites, capable of being profitably worked are 
marked on the map by small circles inclosing the registered num- 
ber of the particular kind of stone there to be found. 
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CONVENTIONAL COLOURS ON THE CHART ZI 


Only one example of a basic volcanic dyke rock belonging to 
the later or closing days of eruption of the Deccan-Traps, has as 
yet been identified forming the very considerable nether hill ENE. 
of Ranawao Railway-Station ; and is indicated on the map by 
hatched red-lines. 

The Tertiary rocks are shown upon the map by orange-colour- 
ed patches to point to the presence either near the surface or as 
outcrops of Upper Miocene beds of marine and fluvio-marine ori- 
gin, which correspond in part with the fossiliferous limonitic 
limestones of the Gaj Group of Sind, and the lower portion of the 
Manchbhar Group of Sind respectively ; while the Higher Tertiary 
(Pliocene) and probably the Lower Quaternary ( Pleistocene ) 
or Glacial Period deposits, defined by FEDDEN as the Dwarka 
Group of Kathiawar, is rendered yellow on the chart. Wherever 
these rocks are obscured by deposits of miliolite, the orange or 
yellow grounds are lined with blue. 

Lastly, all Recent or Sub-recent deposits are indicated on the 
map as follows :—Raw-umber for alluvial lands, river-terraces and 
recent conglomerates. Raw-umber with red dots, for blown-sand 
(dunes) and sea-shore sands. Raw-umber with red lines, for rais- 
ed-beaches and consolidated shell-sands of probably Pleistocene 
age. 

Rocks of economic importance or deposits of agricultural in- 
terest are localised on the map by small circles with the registered 
numbers of samples collected, for details concerning which, refer- 
ence to the list of samples should be made. 
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SECOND QUARTERLY REPORT 
ON 
THE ECONOMIC GEOLOGY OF PORBANDAR STATE 


BY 
E. HOWARD ADYE, F.G,S., etc., 
Director, Geological Survey af Porbandar State. 


September to November 1915. 


INCE THE COMMUNICATION of the First Quarterly Report, 

S geological reconnaissance work with special reference to the 

applied petrography of the State, was continued northward 

from a base-line, extending roughly from Porbandar City via Ada- 

tidna to the foot and nether eminences of the Barda Hills, as far 

as the boundary of Vandhra Jhdar on the east, tothe town of Kham- 
bhodar at the west. 


During these traverses, a couple of new types of rock were met 
with, which call for comment in this place, as they are represent- 
ed on the geological chart, now in course of preparation, by con- 
ventional colours not hitherto noted. These rocks are respective- 
ly the “ laterites ” and the “ rhyolites”;-the former being shown on 
the map by patches of burnt-sienna and the latter by thin red lines, 
in short parallels, from NW. to SE., on a green ground. 


Etymologically, the name laterite is derived from the Latin 
word /ater,-a brick; by reason of the characteristic brick-red colour 
of the material. Its resemblance to its prototype, goes still further, 

for it is usually hard and even slaggy 

Honedanbestatiy Laterite, and = and generally cellular in texture and 
structure. This definition holds true, 

in substance and in fact, for the bulk of the laterite as it obtains in 
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Porbandar State. In its perfectly fresh, undecomposed, condition, 
the laterite shows scoriaceous zones, passing insensibly into dense- 
ly compact layers; with indications of joints, spheroidal shrinka- 
ges, veins of fissure and of intrusion ; all in exact counterpart with 
the phenomena to be observed in connection with the bedded-lavas 
of the Deccan-Trap Period. 


Laterite of a different kind, also occurs among bedded-lavas 
separating one stratum from another. At times, the dark-red mate- 
rial is only an inch or two in thickness, and generally quite hard 

Verletfes af Laterite. and even vitreous; at others, these 
bands are several feet in thickness,and 
tolerably soft. These varieties of laterite have been shown to be 
nothing more nor less than burnt layers of soilor of volcanic dust, 
transformed by the passage over them of molten matter. When the 
decayed surface of one bed of lava is very thin, the flow of a suc- 
ceeding sheet, would naturally fuse that superficial layer into a 
hard brick-like lamina, and athin vein-like zone of sub-vitreous la- 
terite with an intimate, (microscopic), structure, closely resembling 
that of brick or red-earthenware, would result. On the other hand, 
when a considerable period of time has elapsed, sufficient to decom- 
pose the surface of a lava-bed into a fairly deep layer of soil, more 
or less saturated with meteoric water, and is then subjected to in- 
tense sudden heat from the overflow of a second sheet of lava, the 
sodden soil would likewise be converted into laterite ; but of a com- 
paratively soft consistency. [It is doubtless in this way that the 
kind of lateritic substance called “bole” is formed. A variety of 
bole richly stained with ferric hydrate, or of degradation products 
in an earthy condition derived from laterite or other rocks and simi- 
larly coloured, furnishes the basis of the red-ochre of commerce,- 
otherwise rich-red, earthy hematite. 

Laterisation in an incipient condition may be observed in rocks 
of every description that have undergone intense sunbaking and 
monsoon conditions alternately for prolonged periods;-as in most 

lociplent Laterite. moist and tropical climes. The harden- 
ing and changes of colour mostly due 
to the oxidation of the contained iron, in the superficial and some- 
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times in the deeper portions of igneous as well as sedimentary or 
aqueous rocks, whereby many varieties of fawn-coloured, brown, 
red and purple ornamental stones of commercial value are yielded 
from originally grey and black or blue-black textures, ought to be 
familiar to the most casual observer ; and are all primarily due to 
the effects of laterisation arrested at an early stage. These may 
be witnessed in almost every type of rock gathered for the State 
collection ;-details of, which will be recorded in the sequel, as soon 
as the laboratory determinations of samples can be completed. 
Metachemic changes, resulting in a complete alteration of the 
rock-mass into the substance technically termed “laterite,” are 
most noticeable in connection with the bedded-lava formations of 
Laterite In Porbandar State. the State, on approaching its nor- 
therly coastal regions. The laterite, 
originally in the form of rust-coloured caps to the hog-backed hill- 
ridges, which trend from the NW. to the SE., intermittently, have 
often been denuded so severely, that their remains are sometimes 
coincident with or below the level of the surrounding plains,-as at 
the south of RAndwao; orin long low elevations to the immediate W. 
of Bakharla. The subaerial decomposition of the lavas exhibits a 
pisolitic structure at places,-doubtless the vestiges of former amyé- 
dales in the scoriaceous zone of the lava bed; while the subjacent 
compact, much-jointed laterite, corresponds of course, with the com- 
pact or central body of the lava. In the joints and fissures pervad- 
ing the mass, thin and thick separations of good iron-ore have ac- 
cumulated. Further decay, gives birth to the production of alumin- 
ous and ferromagnesian silicates and of disseminated lime; but re- 
cent researches have shown that most of the silica, alkalies and al- 
kaline earths are washed away by meteoric waters, leaving behind 
a hydrate of alumina stained with ferric hydrate, and mixed with im- 
purities liberated by the weathering and wearing-down of the rock. 


Another kind of laterite, noticeable at Bikharla, consists prin- 
cipally of a soft, earthy, dull-red rock, sometimes hardened by no- 
dules of iron-ore, which it would be difficult to account for, except 
by a close observation of the overlying strata. The laterite substra- 
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tum, in this case, probably fully formedin early Eocene, or, at all 
events, Pre-Miocene times ; was subsequently overlaid by Gaj (Mio- 
cene) or Dwairka (Pliocene) beds, in the form of a conglomerate 
composed largely of pebbles and fragments from the laterite; and 
this, in its turn, capped by compact limestones of Tertiary age 
which were denuded down to almost vanishing point, was overlaid, 
in Pleistocene days, by a deposit of miliolite ;-of which only tra- 
ces now remain. The re-exposed conglomerate of laterite-pebbles, 
supercharged with infiltered lime, must next have been indued with 
diffused ferric hydrate stain, and the whole finally sunbaked and 
alternately water-soaked, to produce a highly-calcareous dull-red 
laterite. When the laterite pebbles remain practically unchanged, 
and the authigenous lime is recrystallised between them to form a 
compact texture, an exceedingly beautiful stone, resembling a red 
granite, results, to which the writer has given the name “ Habardi- 
lite”, from its having been first found and utilised, in the neighbour- 
hood of Habardi in Western Navanagar. 

Habardilite, the original variety of ornamental stone derived 
directly from laterite, and described and figured by the writer in 
his “ Memoir on the Economic Geology of Navanagar State.”" as a 

| laterite-conglomerate, easily tooled and 

one. Stones derived = -apable of being polished, has clear- 

ly been shownto originate by the de- 

position of beds of miliolite-limestone, probably during the Pleis- 

tocene Age, upon a substratum of depressed and disintegrating la- 
terite. 

In other regions, where the already formed laterite was fast 
subsiding in a Tertiary sea, and covered by deposits of limonitic- 
limestone, the pebbles and fragments of the underlying laterite, 
would similarly be cemented together by limonitic-lime ; and, upon 
its subsequent elevation and consolidation, would naturally yield 
laterite-conglomerates and breccias of a distinctive character de- 
pendent upon the nature of its binding matrix. 

Material of the abovenoted description was found to be present 
in tolerably large development in the neighbourhood of Tukra on 


* pp. 204-206, Plate XXXIL. 
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the Porbandar State coast, and has therefore been designated Jwk- 
ralite, in anticipation of its being found, when properly prospect- 
ed, to yield sound ornamental stone in sufficient quantity to justify 
its being placed upon the market, Tukralite may therefore be cor- 
rectly assigned to the Miocene Ave. 

Other ornamental stones indirectly due to the presence of late- 
rite, are also found in small local development in various situations 
overlying the coastal and sub-coastal caps of Jaterite in Porbandar 
State. These are mainly of the nature of laterised pisolites and 
pseudo-oolites, sometimes of extreme beauty and sufficiently com- 
pact and indurated to take a good polish; but have hitherto been 
only found in a fragmentary condition, capable however of being 
utilised for the production of small ornaments such as vases, clock- 
cases, paper-weights, etc. There can be no doubt that these stones 
are simply organic limestones heavily stained by the iron from the 
laterite upon which they were deposited. Coarse pisolitic-laterite 
as it may be called, occurs in tolerably large broken blocks, on the 
summit of a hillock 44 mile NNW. of Tukra, and is evidently a la- 
terised, Tertiary, fossiliferous limestone ; while the pseudo-oolitic 
laterites, are in the same way, nothing more nor less than laterised 
miliolite-limestones, 

From the foregoing observations, it may be gathered that the 
name “ laterite” has been well-chosen to signify simply burnt or 
baked mineral-matter, often in the presence of moisture ; but more 

Origin of Laterite. frequently by the analogous processes 

of alternate intense sunbaking and 

monsoon conditions. This inference however, is insufficient to ac- 

count for the peculiarly limited areas in which the main masses of 

laterite are found ; namely, as caps along definitely restricted rid- 

ges or isolated areas ; while precisely similar rocks adjoining, re- 
main unchanged. 


To account for this apparent anomaly, many persons are con- 
tent to simply call ita "freak of nature"; while others, more phi- 
losophically inclined, attribute the change properly called " lateri- 
sation,” to metasomatism caused by some yet undiscovered germ or 
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other Organism, which, by living and thriving on the rock, poss¢s- 
ses the power of breaking up its silicates in such a way that the 
silica can be carried away by percolating waters; while the hydrat- 
ed alumina and oxide of iron segregate, to cement all other pro- 
ducts of decomposition or partially altered particles into the cellu- 
lar red and mottled-mass familiarly called “ laterite.” 


The segregation of the iron oxide, usually manifests itself in 
the form of superficial crusts, sometimes of considerable thickness, 
and these are mostly found continuous with secondary vein-like 

separations and subsidiary veinlets of 

Sgro leioy Subordinate Uses ore or less pure hematite, which run 

along the fissures of former joints, and 

cracks therefrom; so that the entire mass may be eventually involv- 
ed in a meshwork of iron-ore. 


It thus “ falls out,” that laterite may become the seat of rich 
developments of hematitic iron-ore of excellent quality; and one 
fairly good locality, known to this day as the “ Jron-mines site”, to 

irem-ore trom Lateriie. the immediate W. of the village of Ba- 
kharla, was formerly, (about a century 
ago), a flourishing centre of the iron-smelting industry in Porban- 
dar State. These so-called “ iron-mines,” consisted in a number of 
small pits of from 4 to 6 feet in diameter, dug haphazard into the 
superficial laterised conglomerate and the underlying massive late- 
rite, to depths rarely exceeding 10 or I2 feet. Whenthe industry 
was abandoned some seventy years Or more ago, on account of the 
cheapness of imported iron, the pits were desultorily filied in with 
rubbish by the villagers, presumably to prevent accidents to stray- 
ing cattle; or, as likely as not, to close the shelters thus afforded, 
against the undesirable vermin,-jackals, porcupines, nongooses and 
snakes,--in which the countryside unfortunately abounds, 


It is not at all probable that the defunct iron industry, at the 
Bakharla site at all events, will at any future time be revived; al- 
though it is commonly rumoured that the smeltings yielded a bet- 
ter quality of iron than the present supply of imported metal. There 
are other sites, however, belonging to the great lateritic belt, of 
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which the Bakharla site is but a small outlier, where the ore oc- 
curs in such profusion, that it would doubtless be commercially 
possible to erect a few small blast-furnaces and keep them profit- 
ably active. 

The interspaces between the meshes of separated iron-ore not- 
ed above, are commonly filled with impure segregations of whitish 
alumina hydrate; which, however, as frequently become stained 

more or less heavily with ferric hyd- 
_ Alum and Aluminium from rate. This material appears to be close- 
ly related to, if not identical with the 
substance called “ Bauxite,” which was discovered and originally 
utilised at Baux-pres-Arles, in the south of France, for the manu- 
facture of alum and aluminium on a commercial scale. It does not 
occur in either sufficient quantity or purity in the neighbourhood of 
Bakharla: but there is nevertheless a tolerably large development 
thereabouts of a soft dull-red laterite, clearly shown by gradual 
transitional forms to be derived directly from the superjacent beds 
of limestone-conglomerate originally 
crowded with laterite pebbles and 
fragments, which has become so hea- 
vily indued with ferric hydrate, and holdssuch a large proportion 
of decomposed pellets of hydrated alumina, as to furnish a goodly 
supply of refractory material, which it is suggested, might be turn- 
ed to good account for lining furnaces. 


Impure Laterite suggested as 
suitable for Lining Furnaces. 


The segregative power of the hydrates of alumina and iron in 
laterite has served to endow the material with physical properties 
which have been taken advantage of by engineers and others, in 

Minor Uses of Laterite. localities where road-metal of good 
quality is scarce. It was found that 

when lumps of laterite are wetted, laid and compressed by rollers, 
they speedily unite to form a firm, level and resilient surface, in 
every way adapted for ordinary roadways that are not subjected 
to severe and heavy traffic. If properly drained, such roadways, 
by reason of the porosity of the laterite top-dressing, can be kept 
comparatively free from slush during wet-weather; but when the 
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dry-season sets in, and high winds prevail, the clouds of red-dust 
from such roadways, have only too often been vetoed as an unmiti- 
gated nuisance. Laterite however, has found favour elsewhere for 
the building of culverts; but, by reason of its otherwise desirable 
attribute of porosity, and the excess of iron which it bears, can be 
but of little if any use to the agriculturist or rural economist. This 
is strikingly borne out by the paucity of natural vegetation, and 
the stunted shrubs and trees found in lateritic regions. 

In a country so rich in building-stones as Porbandar State, the 
lateritic rocks are not likely to be utilised even locally, except for 
the erection of piled-up stone-walls ; but it may be noted, in pass- 
ing, that on the Malabar coast and in the island of Ceylon, laterite 
is largely used for the building of dwellings. In this connection 
Mr. JOHN WATSON of Cambridge records,* that :—“When first 
quarried the rock is so soft that itcan easily be cut out with a pick, 
sometimes even with a spade; but it hardens greatly on exposure. 
When the stone is sufficiently hardened after being quarried, it is 
then chipped or chiselled into shape and used for building. It sel- 
dom attains a hardness which will enable it to resist the decaying 
influences of the weather, so it is usually covered with plaster or 
mortar as a protection. In the coastal districts, however, many tem- 
ples, some of considerable antiquity, are built solely of laterite, and 
appear to have stood well.” Concerning Ceylon, he further notes:- 
“Many native houses on the island are built of this material.When 
protected from the weather by a coating of mortar, which is usually 
composed of two parts of sand to one part of coral lime, these build- 
ings prove to be very serviceable,” 

Turning now briefly to the second commodity of economic im- 
portance noted above ;-namely, the Rhyolites of Porbandar State,- 
the following observations may be taken as fairly exhaustive of 

The Rhyolites of Porbandar State. the subject; as this particular type 
of rock appears to be strictly limit- 

ed to a few low-lying dyke ridges, bordering, at a distance of 
144 miles, the extreme western base of the Burda group of hills. 








"“ British and Foreign Building Stones,” Cambridge University Press, 1911, 
Pp. 240-242. 
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The dykes trend practically N. and S. for a distance of nearly two 
miles above ground from the N. of Khistri tothe W. of the village 
of Nagka; and exhibit sundry diverticula from ESE. to WNW., the 
principal of which stretches from a point 3 furlongs SW. of Nagka, 
for a distance of about 3 furlongs WNW. to vanish and then reap- 
pear on a level with the ground, about a mile farther WNW., in 
Navanagar territory. This diverticulum, appears to be differentia- 
ted at places into vitreous bands of obsidian of a black and some- 
times brownish colour en masse, as shown by detached fragments 
here and there that have found their way to the surface; and, it 
may be noted, in this connection, that an essentially similar dyke 
belonging to this formation, is exposed; with a typically-formed, 
wide band of black obsidian immediately NNE. of the village of 
Rojhra in Navanagar State, which lies only 1'4 mile to the W. of 
, the middle portion of the main N. and S. 
Occurrence of Obsldiaa. rhyolitic intrusion. The glassy bands of 
obsidian are found to occur alternating 
with the commonly lithoidal rock in the same lava-flow; while at 
the edges of the intrusive mass more particularly, and where the 
rock is subjected to contact metamorphism by the subsequent in- 
trusion of basic dykes, the texture becomes indurated and frequ- 
ently, closely banded. 


With special reference to the occurrence of obsidian in Por- 
bandar State, the following extract from the writer's reconnaissance 
notes, may here be incorporated with advantage :—" While tracking 

| the northward course of the main rhyoli- 

pis of Goanatan ions Nagka. tic dyke from 14 mile WSW. of Nagka to 

| its apparent termination 500 yards W. by 

WNW. of th age, it was noticed that the stray fragments of ob- 
sidian were: with, amid the superficial shingle of the dyke, 
more frequent, ad it was therefore expected that an outcrop 
thereof would st jibe detected. In swerving slightly eastward, 
the dyke is eroded to its very centre by the channel of the Orio 
Vokala, and affords thereby an exceptionally good view of its sub- 
vertical columnar jointing ;-of which a photograph, Fig. 10, wag 
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taken. It is thereafter obscured by a deep layer of soil; but mani- 
festly narrows down, to be re-exposed in a remarkable manner by 
the erosion of a tributary vdid to the Orio Vokala, some 350 yards 
WNW. of Nagka. At this part, which is evidently the termination 
or forked termination of the dyke, the banded character of the 
rhyolite becomes extremely perfect, being differentiated into zones 
of fissile, black obsidian intercalated with much jointed slabs of 
highly indurated lithoidal rhyolite ;-the entire mass being charac- 
teristically contorted by its flow, and adapting itself to the sinuo- 
sities of the fissure through which it was forced, as shown by the 
photograph, Fig. II. 

It is more than pro bable that the rhyolite dykes of Porbandar 
State, located above, emerge farther westward to spread out into 
beds or sheets of lava; as it hasbeen found and recorded by the 
writer,” that the WNW. diverticle from the N.& S. dyke, about 4 
mile SW, of Nagka, runs aboveground, for fully three furlongs, to 
vanish, and then reappear on @ level with the land, midway be- 
tween Hithla and Rojhra in Navanagar State. The rhyolite at 
this part is of a ruddy-brown colour and rough trachytoid texture, 
exhibiting marked flow-structure at places and pervaded, after the 
fashion of basic bedded-lavas, with columnar joints and spheroidal 
shrinkages. 

When molten mineral matter consolidates upon or near the 
surface of the earth, that is, by more or less rapid cooling and un- 
der conditions of comparatively low pressure, the resulting rocks, 

| whether of the nature of extruded lava- 

Definition of the Name “Rhyolite.” fows, or intrusive sheets, dykes, etc., 
are classified by petrologists as of 

Volcanic or Eruptive in contradistinction to the moge deeply seated 
Hyfabyssal rocks already treated of, and thea! f af or Plutonic 
rocks of holocrystalline texture formed at! table depths 
within the earth's crust. ib ‘ail 


) é 
Volcanic rocks, moreover, are, for the sakl ® coventional de- 
scription, separated into several groufs by reason of predominat- 











+ “Memoir, Economic Geology of Navanagar State," Bombay, 1914, p. 42. 
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VARIETIES AND USES OF RHYOLITES 35 


ing peculiarities. Primarily they are, like the rocks of abyssal and 
hypabyssal origin, divided according to their chemical composi- 
tion into acid, intermediate, basic and ultra-basic groups. Again, 
among the acid volcanics, subdivisions were ‘nstituted, based upon 
physical distinctions, to constitute families, and the now generally 
accepted name Xhyolite, from the Greek rheo, to flow, and lithas, @ 
stone, was happily chosen by BARON F. VON RICHTHOFEN™, t0.&X- 
press the circumstance that flow structures usually characterise the 
members of this family of rocks. 

As already noted, the acid volcanics or rhyolites of Porbandar 
State are divisible into three main varieties ; of which the first, OF 
glassy kind, obsidian, is of scientific interest rather than of com- 

| mercial importance. As museum speci- 

Varieties and Uses of the | | ys . 

Rbyolites of Porbandar State. mens and for purposes of instruction, 
the stone may be said to have a mar- 


ket-value ; while its outward resemblance to coal has more than 


once proved to be disastrously misleading. For instance, the small 
outcrop of black obsidian by the roadside at Rojhra in Navanagar 
State, was, to the knowledge of the writer, recently reported upon 
by more than one so-called native geologist to be coal of an in- 
ferior quality; while, in the neighbouring State of Gondal, at 
Osham Hill, another native incurred considerable expense by 
sinking a well-shaft for several feet, and extracting many tons of 
black volcanic glass, before he was made aware of his mistake. 
Towards the edges of the great dykes and also in the narrow- 
er vein-like intrusions of rhyolite in Porbandar State, the rock 
frequently exhibits a strikingly banded-structure and at the same 
time becomes markedly ‘ndurated so as to furnish a highly polish- 
able material of beautiful appearance, capable of being utilised 
for the manufacture of quaint and ornamental smallwares. It is 
very doubtful, however, whether sufficiently large and continuous 
supplies of such material can be depended upon; but at all events, 
the occurrence of such stone is worthy of being borne in mind for 
future developments. 
* Jahrbuch der k, k. Geol. Reichsanstalt, 1860, Bd. XI, pp. 156 





163. 
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Lastly, the bulk of material forming the great rhyolite-dykes 
of Porbandar State, is constituted by their central cores of densely 
compact, vertically jointed and transversely cracked stone, which 
sometimes exhibits spheroidal shrinkages. In a perfectly fresh 
condition, the ground-mass of the stone is of a subdued greyish 
colour flecked with very small whitish specks of felspar crystals. 
When weathered, the colour of the stone changes more or less 
deeply, into shades of fawn and brown tinged with purple and 
roseate hues: while the edges of the dykes are prone to become 
cleaved, and their surfaces to show fluxional-structure, resembling 
the ‘grain’ in wood, and a rough or trachytoid appearance to the 
naked eye. 

Under the name of “Light Volcanic Rocks” rhyolites have 
been largely used in the United States of America® for general 
building purposes; and there is no reason why the excellent exam- 
ples now found in Porbandar State should not be similarly utilis- 
ed ; seeing that if quarried from the central portions of the dyke, 
large building blocks are easily available : and, unlike the felsites, 
which they approximate in chemical composition and outward ap- 
pearances, are capable of being readily tooled in any direction. 

Rhyolite wastage, the rubbly portions at the borders of the 
large dykes and the abundant angular shingle almost invariably 
found on the slopes of the long, low ridges, although not to be 
compared with granophyre wastage for roud-making operations, 
are, in every respect equal, and frequently superior to the basic 
volcanic dyke rocks for “metalling;” and preferable to the much 
harder felsites by reason of being less splintery. 

Apropos of rhyolites or acid volcanic lavas and felsites or 
cryptocrystalline rocks of hypabyssal origin, much misconception 
has hitherto prevailed even among expert geologists, as to correct 
nomenclature. Many rhyolites of homogeneous texture have fre- 
quently been described as “felsites;’ simply because hand-speci- 
mens, even when chemically analysed, show that they are com- 


" *“ Stone Industry,” Mineral Resources of the United States. Part 11, Nonmetals, 
Washington, 1914, pp. 1384, ¢f arquentes. 
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posed of an intimate admixture of felspar and quartz. It is there- 
fore desirable to draw as sharp a line of distinction as possible be- 
tween these two types of rock, especially in a region where both 
are well represented almost side by side, and therefore liable to 
occasion confusion. The following observations and suggestions 
are therefore offered for the information and guidance of economic 
geologists :-— 

It is suggested that the term Felsifte, shall be exclusively reer: 
ved for rocks of undoubted hypabyssal origin; and that Ahyolite, 
in like manner shall be applied only to truly acid volcanic rocks. 

| The rough and ready tests in the 

and rarer hi aba as Aeasece field are :—that, whereas a large block 

or boulder of felsite may, and when 

quite fresh usually does effectually resist the blows of a sledge- 

hammer, an equally unweathered block of rhyolite can always be 

readily trimmed with an ordinary stone-breaker’s hammer. Both of 

the specimens, when of homogeneous, compact texture may break 

with a conchoidal fracture; and, when more or less porphyritic, 
with uneven surfaces. 

In the laboratory, the felsites will be found to be intensely 
hard, capable of resisting severe wet or dry attrition, but prone to 
be splintery under great stress or sharp impacts; while their speci- 
fic gravity usually exceeds 2°6. The felsites, on the other hand, are 
comparatively soft, can be easily ground down when subjected to 
attrition on a carborundum wheel, and generally show a specific 
gravity of 2°5, which, in specimens altered by contact metamor- 
phism or devitrification may rise to 2°6, 

Under the microscope, both felsites and rhyolites of homo- 
geneous texture may exhibit a cryptocrystalline structure; but 
whereas the felsites are prone to foreshadow or even to display an 
ultra-microscopic, micropegmatic or microspherulitic texture, and 
disseminated specks and crystals of magnetite and ferro-magne- 
sian minerals, the rhyolites are generally characterised by an abun- 
dance of microlites and crystallites orientated to indicate flow- 
structure ; and, particularly in the very vitreous varieties, exhibit 
spherulites and perlitic cracks. 
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It will now be gathered that the comparatively limited deve- 
lopment of rhyolites in Porbandar State are only manifested in the 
form of a few dykes, comprised within the area from Khistri to 

| Nagka and thence for a few furlongs 

Octete ah they Baral ter cl Perbae- westward; while they do not appear 
dar State. to extend in any direction for more 
ne than about four miles from the base of 
the Barda Hills, which may be presumed to have stood as the 
focus of their eruption in Eocene times. 

This proximity to the source of eruption, is in strict accor- 
dance with the physical properties, chemical composition and 
other ascertained facts concerning rhyolites in general; for, it has 

repeatedly been observed, and tersely 
The Sequence of Volcanic Lavas. <mmarised by PROFESSOR.JOHN W. 
Jupp, F.R.5.,* that:—" the undoubted 
fact that in so many volcanic regions the eruption of andesitic and 
trachytic rocks, which are of intermediate composition, is follow- 
ed by the appearance of the differentiated products, rhyolite and 
basalt, which are of acid and basic composition respectively, lends 
not a little support to the view that under each volcanic district 
a reservoir of more or less completely molten rock exists, and that 
in these reservoirs various changes take place during the long 
periods of igneous activity. During the earlier period of eruption 
the heavier and lighter elements of the contents of these subterra- 
nean reservoirs appear to be mingled together; but in the later 
stages of the volcanic history of the district, the lighter or acid 
elements rise tothe top, and the heavier or basic sink to the bot- 
tom, and we have separate eruptions of rhyolite and basalt.” 

Acid lavas, among which the rhyolites furnish a first type, are 
comparatively more or less viscous, and consequently apt to ac- 
cumulate as dykes orlava-flowsin the immediate vicinity of the 
seat of eruption; while the more mobile basic magmas in a molten 
condition, which follow in their wake, naturally run past, often to 
great distances, frequently in the form of dykes of enormous vo- 


@ Volcanoes,”’ 7th Edition, London, 1907, pp. 202, 203. 
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THE BARDA GROUP OF HILLS: 39 


lume, traversing the rocks of the countryside for many miles around 
the focus of eruption. This indeed, is exactly what has happened 
in the case under consideration; so that, fromthe evidence collec- 
ted by FEDDEN* and the present writer,! the following brief ac- 
count of the formation of the Barda group of hills and their out- 
lying eminences may here be recorded, with a view to elucidating 
problems or explaining occurrences that are likely to arise in the 
sequel. 

Favourably situated within easy distance of the city of Por- 
bandar, with railroad facilities around and along its southern base 
and direct roadways leading to places of vantage capable of be- 

st) ing developed for the exploitation of 
petsntca onion of the ts vast and valuable stone resources, 
bandar State. the Barda group of Hills occupiesa 
practically oval area, witha N. to 5. 
major axis of about 14 miles, and an E. to W. minor axis approach- 
ing II miles in length, which lies but nine miles distant NE. of 
Porbandar Port. The relief of the hills, their principal altitudes and 
drainage channels, are depicted in detail upon the geological chart 
which accompanies this report. 

By far the largest portion of this immense area,about two- 
thirds of it,-still belongs to the State of Porbandar. This comprises 
fully two-thirds of the central zone above the minor axis, and the 
whole of the southern half of the space below that line. The lofti- 
est hills of the group, at present practically inaccessible to mining 
and quarrying operations, are located towards the northern por- 
tions of the group and without the boundaries of the State ; but an 
incalculable advantage is manifestly gained from this circumstance, 
inasmuch as the tailing-down of the hill-slopes, their innumerable 
spurs, outliers and nether eminences to the 5., SE., W. and SW., 
afford numerous excellent and easily accessible quarry-sites for the 
excavation and utilisation of an exceptionally large and varied 
range of economic stones, which only require to become generally 

* “ Memoirs, Geological Survey of India,” Vol. XXI, Part 2, Calcutta, 1884. 
ft. Op. cu, wl supra, Pp. 34. 
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known, to be eagerly sought for by intelligent and progressive 
builders, architects and engineers throughout the length and breadth 
of Imperial India. A detailed description of the nature and uses, to- 
gether with optical determinations and photomicrographs of types 
and special varieties of these stones, coupled, as far as possible, 
with commercial statistics will be afforded in the sequel. 

..)From the researches of W. T. BLANFORD* in Peninsular India, 
and the subsequent work of F. FEDDENT in the Province of Kathia- 
war, it is now generally recognised that the great Deccan-Trap 

baci), Period, towards the close of which 

eo Age of the Barda Group 1). Barda Group of hills came into 

existence, must be assigned as com- 

ing somewhere between the Upper Cretaceous and Lower Eocene 
times of the European Geological Record. 

Without entering into details, which would be out of place in 
this connection, it may be briefly stated that overwhelming evi- 
dence has been gathered to show thatthe Province of Kathiawar 
in Upper Cretaceous days must have 
been literally deluged from end to 
end by intermittent outpourings of 
molten matter, seething forth from fissures in the earth's crust; to 
consolidate, upon cooling, into vast accumulations, now manifested 
by the bedded-lavas, which constitute the largest portion of the 
‘country-rock’ of the Province. 

Towards the cessation of volcanic eruption, probably with the 
dawn of the Eocene Epoch, a few deep-seated foci were left active ; 
and it is certain, at all events, that one or more of these must have 
been situated in the region now occupied by the Barda Hills. A 
period of severe and prolonged denudation must next have set in, 
tosweep away almost every trace of accumulated ashes, agglome- 
rates and tuffs, and toleave naught but the wreck of a huge vol- 
cano behind, shorn to the very core, and subsequently worn down 
by epigene reactions into a group of hypabyssal hills, with dykes 

* ‘Records of the Geological Survey of India," Vol. V, Part 3, 1872, p. 92. 
+ *Memoira of the Geological Survey of India,’ Vol. XXI, Part 2, 1884,pp. 19-35. 
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THE EVOLUTION OF LATERITE 4t 


and sheets of acid-lavas or rhyolites in contiguity, and later deve- 
lopments of far-reaching intrusions of basic-lavas, which are found 
to cut through the older series of bedded-lavas for many miles 
around. 

By way of a brief digression, with a view torendering other 
matters of geological interest clear, it may be noted that it was 
during this phase of the building of the Bardas, or, at any rate in 

early Tertiary times, that profound 

The Evolution of Laterite. metachemic changes supervened all 
along the coastal areas of the Pro- 

vince, from Bhavnagar and around by Porbandar to the limits of 
the Taluka of Okhamandal and a trifle beyond, well into the ter- 
ritory of Navanagar State. The majority of the summits of the 
hog-backed hills and ridges of bedded-lavas were attacked, pre- 
sumably by alternations of intense heat, (powerful sun-baking), and 
aqueous supersaturation, ( ultra-monsoon conditions ).This regional 
reaction would be quite sufficient to account for the laterisa- 
tion of the then exposed areas of bedded lavas along and about 
the coastal countryside; while subsequent denudation would as 
amply explain how it came about that only the caps of hills and 
isolated patches of rock-plain became converted into laterite, while 
their contiguous bases and adjoining grounds remained unchanged. 

There cannot be the vestige of a doubt that the laterites of 
Kathidwar were formed in Pre-Miocene times, for there are well- 
marked evidences of their being overlapped by beds of fossilifer- 
ous limonitic-limestones belonging to the marine Gaj Group of the 
Miocene Period, notably in the neighbourhoods of Tukra, Visa- 
wara and elsewhere in Porbandar State. The presence of these 
coastal Gaj beds, of course, indicates a subsidence of the shore 
lands of Porbandar State, encroaching inland for a considerable 
distance, and possibly quite as far up as to the base of the Barda 
Hills, to the building of which they indirectly contribute, as will 
be shown in the sequel; while their characteristic yellow-colour, 
is unquestionably due to limonitic staining derived from the libe- 
rated iron oxides of the laterite upon which they were principally 
deposited. 
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Commercially considered, these Gaj beds are of distinct im- 
portance; inasmuch as when segregated into sufficiently thick beds 
of compact and excessively fine-textured rock, they yield ornamen- 

| talstones, which would be eagerly 
Piece net ym "atin sought for if properly exploited. For 
dar State. example, a_ particularly fine stone, 
belonging to this type, of a rich cin- 
namon colour, uniform, compact texture and capable of being po- 
lished or delicately carved, has recently been named Bhirwéralite, 
by the writer, to denote ‘ts occurrence in merchan table quantity in 
the vicinity of the village of Bharwara. Then again, when reduc- 
ed in the subsoil zone to the condition of a uniformly soft bright- 
yellow marl, as at the eastern outskirts of the village of Palakra, 
the marketable material known as yellow-ochre is yielded, and 
much esteemed for the preparation of distempers or conversion 
by calcination into the pigment technically termed ‘ light-red.’ 

The submergence of the coastal regions during the Miocene 
must manifestly have been prolonged right through the Pliocene, 
and possibly, well into the Pleistocene Ace ; for the Gaj limonitic- 

, limestones appear at numerous loca- 

Sidr oagt e of Beds if ities to be overlaid without any 

break in succession or conformity 

by other beds that gradually depart from a Miocene facies both in 

lithological characters and fossil contents. It was for these rea- 

eons that FEDDEN* found it desirable to group them together un- 

der the denomination of “Dwarka Beds,” on account of their best 
development near the port of Dwarka in Okhamandal. 


In Porbandar State, to the north of its capital-town, the beds 
of the Dwarka Group arefound outcropping over a very consider- 
able area, shown by a yellow tint upon the Geological Chart; from 
which it will be gathered, that, like the underlying Gaj Beds, they 
are practically sub-coastal, and rarely encroach inland for more 
than about 7 miles. The beds in Porbandar State vary very much 
at different localities ; while the natural exposures and weil-shafts 





“olowical Survey of India,’ Vol ARAL, Part 2, 1854, PR 51-53. 
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FRINGING CORAL-REEF AT VISAWARA 43 


do not afford sufficient data upon which to divide them into sub- 
groups. Nevertheless, there is sufficient evidence in all cases, to 
enable one to assign any particular bed, or sequence of beds, to the 
major group. 

For example, at the port of Midni, the westward scarp of the 
Meda Creek upon which the Level Datum Pillar stands, shows 4 3 
to 6 ft. scarp of coarse honeycombed miliolite-limestone, resting 
upon a 10 ft. cliffofa compact, shelly but flaggy limestone, one part 
of which appears to be coralliferous. These beds directly overlie a 
substratum of brecciated fossiliferous conglomerate, full of frag- 
ments of very characteristic Gaj limonitic-limestone, which at once 
serves to proclaim its own-age, as well as that of the beds betwixt 
itself and the capping of miliolite, to belong to the period of the 
Dwarka Group. 

Another, somewhat similar, but more extensive exposure at the 
mouth of Visawdra Creek, a trifle over 6 miles farther SE. on the 
Porbandar State coast, shows the remains of a large fringing coral 

i | reef, (capped by a local gritty bed 
a Peieaine Coralcom at Visaware =. mounted by miliolite), which was 
clearly grown upon beds essentially 
similar to those forming the Creek-scarp at Midni. These rocks 
rest upon a compact, light-coloured, flaggy limestone, the precise 
nature of which awaits determination, but which undoubtedly also, 
is of Post-Mioceneé age. Closely resembling, if not identical with 
this last-named rock, there may be seen large slabs of stone, azoic 
to the naked-eye, which crown the summit of a hillock, 554 fur- 
longs NNE. by NE. of the coastal village of Tukra and some 254 
miles NNW. of Visawara Creek-mouth. The basement beds of this 
stone gradually pass below into a fossiliferous conglomerate, and 
this, in its turn directly overlies beds of Gaj limonitic-limestone,; 
so that evidence is here afforded that the former belong to the 
Dwarka Group. 

Still farther south-eastward, as at Sirinagar, Katela, Kunchri 
and Porbandar-City, as well as inland in the directions of Degam, 
Kolikhara and on the road to Ranawdo, the outcrop of the pale- 


44 ECONOMIC GEOLOGY OF PORBANDAR STATE 


coloured, almost white flagstones grows more and more pronounc- 
| ed; and if any further confirmation 
Cainpg ey Fingstones of the ore wanted to show that these be- 
long to the Dwarka Group, it may 
be noted that many instances have been recorded in detail of their 
direct superposition over well-marked beds of G4j limonitic-lime- 
stone in the monthly reconnaissance reports on the structural geo- 
logy of the State. More especially on the surface at the NNW. 
side of Sirinagar and in well-shafts in the neighbourhoods of such 
widely separated situations as Renawara, Degam, Kolikhara and 
Bokhira are these occurrences made plainly manifest. 

Alongside the stretch of sea-shore from Kunchri to Porbandar- 
City the abovenoted Dwarka flagstones, are overlapped by anin- 
considerable thickness of consolidated and consolidating shell- 

7 ‘gee eeie sand: but farther inland, the upper 
acy pth Se vt Lime» zone of the group is characterised 
by a more or less deep russet-colour- 
ed, much cancellated, sandy limestone --the precise nature of which 
remains to be determined by microscopical examination. This 
stone, together with considerable depths below of arubbly cong- 
lomerate, may be seen to advantage in sundry deep well-shafts im- 
mediately ENE. of Katela and in the SE. outskirts of Sirinagar,; 
while superficial outcrops occur all the way from the east of Bo- 
khira to the old site of Arniala and beyond. 

The total thickness of the Dwarka Group of beds ts stated by 
FEDDEN*,-who had the opportunity of examining the entire forma- 
tion,-to be inconsiderable ; but, even in its very limited develop- 

ment in Porbandar State it presents 
Commercial Products of the Dwarka, Sua: : . . | 
Plio-Pleistocene, Group of Beds. quite avaried assortment of rocks ; 
which, taken generally, exhibit a 

littoral or at most a comparatively shallow-sea origin, and are 
constituted chiefly by conglomerates, a few fossiliferous zones, con- 
solidated shell-sands, compact rubbly-rocks and flagstones fre- 


quently false-bedded. — 


* [Loco ciate, p. 51. 
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The consolidated shell-sands occasionally yield sound blocks 
of whitish and pale-grey stone of compact granular texture, casily 
tooled and polishable; bul, as a rule are seldom available in thick- 
nesses of more than 4 to 6 inches. More frequently, they yield an 
abundance of tough, rubbly stone, which has been very largely uti- 
lised for local road-metal, but is not sufficiently durable to com- 
mand export market prices. The russet-coloured, rubbly, indurat- 
ed limestones of the group, are likewise extensively employed local- 
ly for road-making, by reason of their abundance and cheapness. 
On the other hand, the pale-coloured flagstones, which, by the way, 
sometimes present dark grey-brown and even blackish varieties, 
(as recorded in the reconnaissance reports), very often bear being 
extracted in large slabs of considerable thickness, and are in great 
local demand for cutting into building blocks, for the foundations 
of dwelling-houses. These are variously known according to their 
sites, as “ Kunchri-stone”, © Degam-stone,” but, needless to note, 
they do not command prices sufficient to justify exportation. 


It is more than probable that the upper zones of the Dwarka 
Group, which present a still unclassified foraminiferal facies, 
were deposited in early Pleistocene times, during which there must 

, | i have been a general elevation of the 
Bape pepsr retry Sin og dur- jand throughout the coastal regions 
of the Province; inasmuch as they 
now obtain in the form of raised-beaches. Subsequently, however, 
after they had undergone appreciable erosion; frequently having 
been sweptentirely away at sundry places, so as to leave the 
underlying Gaj Group of beds exposed, itis manifest, that during 
the close of the ‘ Great Ice Age’, a universal subsidence, not mere- 
ly of its coastal regions, but of the entire Province, must have 
supervened. | 


There are evidences everywhere, in confirmation of the fact 
that this general depression gradually took effect from SW. to 
NE., thereby causing a submergence of the whole of the Province, 
with the exception of its extreme north-eastern districts. The sub- 
sidence of the land must indeed have been so stupendous as to 
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have left naught but the summits of its hills in the semblance of 
islands studding the Pleistocene sea; and, upon the subsequent re- 
elevation, which is even now progressing, unmistakable records of 
devastation and regeneration have left their impress upon the 
physiographical features of the countryside;-its hog-backed hills 
of bedded-lavas, wide stretches of rock-plains, and the indelible 
limitation-lines of sedimentary deposits upon its highland slopes. 

Sub-aerial denudation coupled with the wearing away of the 
coastal and adjoining rocks, right up to the base of the Bardas 
during Tertiary andearly Post-Tertiary times must surely have 
altered the general configuration of the lower lying and coastal 
lands of the country; but during the critical period of its subsi- 
dence in Pleistocene days, the whole of the submerged regions 
must likewise have undergone a complete transformation by the 
deposition of a very considerable thickness of sedimentary matter. 

To this sedimentary matter, constituted for the best part of 
conglomerates and more or less pure limestones, DR. CARTER * 
gave the name of “ Miliolite”;-a term, which, although not strictly 

correct, might nevertheless be re- 

Deposition of the “* Millolite,” tained on account of its long and 

general association with the Pleisto- 

cene foraminiferal limestones of Kathidwar, commercially known 
as“ Porbandar-stone.” 

It is clear that an enormous thickness of miliolite beds must 
have been deposited during the Pleistocene Age, mainly of the 
nature of foraminiferal limestones - for these have left their lines of 

limitation on the hill-slopes through- 

Bem groper in Bema out the length and breadth of the 
Kathiawar. Province. For example, in refer- 
ring to the conical hill of Chotila 

on the high-road midway between Wadhwan and Rajkét, which 
stands 1,173 feet above the mean sea-level, and is about 550 feet 
higher than the surrounding plains, FEDDEN notes §, that “ in the 





> —Grolasical Papers on Western India, Bombay, 1857, P- 756. 
¢ ‘Memoirs of the Geological Survey of India’, Vol. XXL, Part 2, p. 55. 


SOUO SAE WHIM] JO] SUOT VATS 
‘<aunp purus puyjaloys “Gg “GS “GRIN YS Westy eq) Jo Pe] 
ny Seas ony [fe suosasdap paw soapl Sunddoasyno0 
OIA) VEC —"G  “Spaq yo dnosey 


amS—D "yay jo es—"L “ied Jo MS —AL - 
PATAGP oy jo “Ay ‘unangY ay) puw “yy FeAl onl Aq pasnosqo [Wun “HN 
pur t ys api-mo] 1 , sueyHasy , JO aunsodxa Suimmoys ‘spaq jo dnosy (aus 


a =e 740 syoo0u UO A—"A RAIN ARqQeYg pub fayeg yo says oq) 
aon) feQ—sy poweg disy-unssagy] oy) JO SHAM] Pappay 40 S904 OTEAT A A “Saray i | sb | = 
oe ie “MSS WO] PULLapsog (VISE) oy) JO BanjoNsyg [wITFO}OaH au) Mos 0} BOTS IUUUILITEIG—PS “Bd 


yAnosy) “ANN 01 









mss 


ane ear 
eOs6nsvamGeenca Ge .CUCled: a) 












‘ak 






+ cli 





arene OG anand 





























(21 : : 7 
Mee aunee ce. TPA 
L k iB = . a a ms ~ iE = * re 5 eh z é 4 a: ‘ : a i. 2% 8 eo 5 “ ee ae ‘J. - =; ff = ell 
es be ee "8 = tt a a . C= * a ee] . os * 9 - ea aT 2a ie vl me é : r z = 
| > = “a a ee ee | Ps a . a a io ia a a # . = os * - oe" qt I c a * ee i ee a” i. a Ss : —Z _ - : 
ee pope Fey eo Fee ee, ma he a ee hate a, ae a fis i. we ee oe Pa en = ai a ee SS a 
== ees = a =a ’ — —— et : . Br = : 
||. re. SL s so 
— = — A ae “ _# - ase : ae ity pena = = € 
as ; > a r ——— . F 1 
: ) ee : 5 


TXX = SLw1d 





VARYING THICKNESS OF MILIOLITE Ay 


fringe of miliolite which occurs around its truncated top, there is 
conclusive evidence that this hill, and all the surrounding country, 
has been beneath the seain comparatively recent times. Probably 
the greater part of the peninsula was depressedat least 1,170 feet 
lower than it stands at the present day.” Again, the same writer* 
observes -" The cliffs of Diu island are 50 feet high, and there are 
quarries in the interior equally deep, which have not been pierced 
through this peculiar rock. At Jaferabad, the cliffs rise to 100 feet, 
and again at Gopnath they cannot be much less; but the section 
at the two latter localities is not made up entirely of the limestone.” 

In Porbandar State, the coastal deposits of miliolite, are gener- 
ally arenaceous, coarse-grained and more or less discoloured ;- 
buff, brown or greyish-brown. They are also much vacuolated or 
pierced by variously sized cylindri- 
cal tubes or perforations, which 
sometimes branch and form anasto- 
moses ;-occasionally so closely as to impart a honeycombed aspect 
to the stone. Itis probable, that as these channels invariably ob- 
tain in false-bedded or other portions of a distinctly littoral origin, 
they were originally occupied by some kind of easily decayable 
organic matter-presumably by the thallus of laminarian Alge. 

At Midni, the coastal miliolite deposits slightly exceed a total 
thickness of about 20 feet,and can be seen to overlie tolerably 
thick beds of shelly and coralliferous limestone belonging to the 
Dwarka Group of beds. At Tukra, by 
the sea, the miliolite overlapping 
both Dwarka and Gaj limestones, is 
found resting upon caps of laterite, and is in part transformed there- 
by into a dark reddish-purple stone, through the diffusion of a con- 
centrated iron-stain ; while all along the borders of the sea-shore 
from Miani to Porbandar-City, a more or less continuous, low ridge 
of miliolite is left undenuded, covering at times the remains of 
Dwarka flagstones or beds of Gaj limonitic-limestones. 

The succession of strata thus identified as occurring all along 
the coast-line, has been traced more or less inland, almost up tothe 


* Op. cil, pp. 54-55- 


Cause of Perlorations in the Beds 
of Millolite. 


Varying Thickness of Miliolite 
Deposits in Porbandar State. 
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base of the Barda hills ; and the outcrops of the beds belonging to 
each separate group, such as the Dwarka and the Gaj beds, and the 
sheets of bedded-lava, are duly defined by coventional colours 
upon the Geological Chart which accompanies this report. 


By far the most important development of miliolite in the Pro- 
vince however, and one which has contributed no mean quota to 
the building of the Bardas, 1s to be found marking the limestone 

| | _- vertical limit, fully 300 feet above 

see pete cae nea wan: Ada- the mean level of the sea. At this 

| conveniently situated locality, known 

as the Adatiana Heights, fringing the south-western flanks of the 

lofty hills, an exceptionally deep cradle is formed, wherein the 

miliolite has found an abiding place, filling up the hollows and 

gorges of the hillsides with thick tiers of merchantable stone, com- 

posed of basement beds of coarse, indurated, obliquely laminated 

strata, passing gradually into a central thick zone of superlatively 

fine stone and capped above by other coarsely-textured beds at the 
limit line, 


As these beds of stone necessarily conform to the general mode 
of occurrence of sedimentary marine deposits by assuming lenticu- 
lar contours, it naturally follows that the texture of the stone varies 

not only vertically but horizontally. 
p Rectentel aunt. Vertical Yertaries qane felation ofthe miliolite to the 
Millalites. underlying hypabyssal rock, with- 

out any intervening thickness of 
conglomerate, is admirably shown by a railway-cutting at the base 
of the group near Ranawao-station,-Fig. 12,-where the false-bed- 
ded miliolite is shown resting directly upon what was once the de- 
nuded and partially decayed surface of the mountain-massive. The 
thickness of the deposits, which is insignificant at the exposure 
abovenoted, gradually increases with the altitude, along the course 
of the railway-siding from Randwao-Station to the heights of Ada- 
tina; but the character of the stone may be seen to vary from place 
to place, during the ascent. In the neighbourhood of Ranawao- 
Station, the coarse, ruddy-coloured stone, exhibits, what might at 
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first sight be mistaken for a decided dip; but, upon more careful 
examination, the up-turned edges of the thin strata, are found to be 
merely caused by false-bedding and subsequent surface erosion. 

Approximately 1!4 miles NW. of Randwao-Station, there is a 
natural shaft leading down to a subterranean tunnel, doubtless 
caused by underground waters, which has been made accessible by 

| a spiral stairway cut into the sides 
SPs lene i feed Bo cde the original shaft. The rock of 
Bhoira. this “ Jambuvanti Aheira, or cave 
as ithas been named after one of 
the queens of the Hindu deity Krishna,-consists of beds of a coarse- 
ly textured, buff coloured and obliquely laminated miliolite of but 
poor commercial value, to a total thickness of about 25 feet, rest- 
ing directly upon a thick, (5 to 7 feet), substratum of a dark-brown 
sand full of glittering particles which await optical determination." 
This bedding of slightly coherent sand, has, since the deposition 
and consolidation of the overlying miliolite, been almost entirely 
swept away by an underground stream formed by periodic perco- 
lating waters, to form the subterranean cave noted above. 

From the Railway-Station of Ranawao, a gradually ascending 
siding passes northward for about a mile,to the site of the main 
miliolite deposits along the deep cradle of the lofty-hills, where 

they form anirregular ridge trend- 
fa ie tana maui Deposits of = ing from NW. to SE., hereinafter to 
be called the “ Adatiana Heights;"- 
by reason of their elevated situation overlooking the village of 
Adatiana. The railway-siding traverses the entire length of the 
heights fora distance of over 3 miles, and is conveniently provid- 
ed with a succession of quarry-platforms, to which the excavated 
stone is carted or carried from the extensive series of quarries ad- 
joining the railway-line. The entire deposit is systematically 
divided into plots, each bearing some distinctive native name, such 
as, “ Bhoyrawari,” “ Kundlawari,” “ Babulwari,” “ Ranwari” andso 
* “This sand has been proved by the analysis of R.E.J.M'CULLY, the expert chemist 
to the Porbandar Cement Works, to be nothing more nor less than thoroughly de- 
composed granophyre or rock of the mountain-massive. 
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forth ; while each plot is subdivided into duly numbered quarry-al- 
jotments, which are leased out by the State to approved contractors. 


The total thickness of the miliolite beds, forming the Adatiana 
heights, must be very considerable, and is unquestionably the deep- 
est and most extensive of its kind in all KAthidawar ; that is to say, 

| be) there is nowhere else in the Pro- 
Sepa foetus tks Akedana siete vince, such a large development of 
merchantable, white limestone of the 
kind specified commercially as” Porbandar Building-stone.” To- 
wards the original commencement of the excavations, a well-shaft 
has been sunk through the milioliteto adepth of over 60 feet, where 
the water-levei is struck at the practically impervious underlying 
surface of the mountain-massive. The open-quarry excavations, a6 
may be surmised, do not penetrate to the utmost depths of the depo- 
sit: which, moreover, varies in thickness from place to place; but 
excavations of from 10 to 30 feetor a trifle more, are generally 
found sufficient for all practical purposes, by reason of the fact, that 
as the basement beds are approached, the stone grows indurated 
and finally so full of adventitious particles from the underlying 
hypabyssal rocks, as to be commercially worthless. So too, ag has 
already been noted, the uppermost beds are prone to be crowded 
with gritty and sandy layers or grains generally disseminated 
throuzh the substance of the stone, 

As arule the central, more or less horizontally laminated beds 
of the miliolite, yield the highest grades, of stone, and these may be 
specified to consist of a practically uniform, fine and close-grained 

| | 7 texture, capable of being extracted 

Drige erate tei of Merchant <1, large blocks of over one, up to two 
or three feet in thickness without 

any tendency to partinto slabs; capable of being delicately carved 
and even undercut; and of resisting a crushing strain of about 165 
tons per square foot. Stone of the above character, has been in in- 
creasing demand for many years, for the erection of fine frontages, 
columns andcapitals, friezes and balustrades in palaces, temples, 
public-buildings and mansions, not only locally but in the chief 
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cities of Indias—Bombay, Colombo, Karachi, Madras, Calcutta and 
Rangoon. The quarry prices, f. 0. b. at Porbandar average 3 annas 
per cubic foot. 

The second grade of miliolites is principally derived from the 
sub-centrally situated zones of the huge deposits; but, while being 
available in building blocks of ordinary, (18 by [2 by 9 inches), and 
even much larger sizes, are more or less constituted by alternately 
fine and coarsely textured laminz. This necessitates the laying 
down of blocks with their laminm horizontally disposed, so as to 
prevent a liability to splitting by superincum ent pressure. When 
thus placed, this second grade of stone is capable of withstanding 
a much greater crushing strain than the finer qualities of more 
uniformly textured or homogenously grained stone; but has the 
disadvantages of weathering into ridges and furrows after the 
lapse of many years, and of being unsuitable for any kind of car- 
ving, save the simplest forms of bas-relief. The laminz of the 
stone vary from less than a-quarter to slightly over half an inch 
in thickness, and the blocks are chiefly indicated for the inner 
walls of public-buildings and for the erection of out-houses, ordi- 
nary dwelling-houses, warehouses and the like. The quarry prices 
f. o. b. at Porbandar docks, vary from two annas to two annas and 
a-half per cubic foot. 

A third grade of miliolite, derived from the coarser uppermost 
and also from the super-basement beds of the deposits, is consti- 
tuted by indurated stone, generally more closely and thinly lami- 
nated than the foregoing varieties, which rifts into slabs or flags 
varying in thickness from about 1)3 to 2'3 or even 3 inches. These 
stones are very largely used locally for lining well-shafts, and the 
laying down of floors, and are roughly hewn to regulation sizes 
and sold at prices as follows --3 feet by 154 feet by 254 inches, 
Rs- 15; 224 feet by 134 feet by 2 inches, Rs. 10; and 2 feet by Ij 
feet by 2 inchesor less at Rs. 8 per 100 slabs. 

It is much to be deplored, on the score of strict economy, that 
miliolite has ever been used for the building of steps. and stair- 
ways, for the laying down of landings and floors or for situations 
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subjected to constant wear and tear; especially in a country 
abounding, almost to excess, in easi- 

Plea forthe Substitution of ly workable, light and dark volca- 

athe Sosa aoe <Bleeer aaa nic rocks; but the “custom of the 
Pavements. country’ and the ease and cheapness 
with which the inferior grades of 
this material can be tooled and supplied, are strong arguments in 
favour of its continued use locally, which cannot lightly be combat- 
ed and overcome. Doubtless, the day will dawn whena right ap- 
preciation of the merits of other building materials,-such as blue- 
black basalts and dolerites, fawn-coloured and grey rhyolites and 
the intensely hard felsites and ultra-tough and strong granophyres, 
will finally oust the comparatively soft and much less durable lime- 
stones, for positions subjected to intense stress and attrition, from 
the field altogether ; but the initiative still remains to be taken in 
India by both architects and builders, before any salutary refor- 
mation can be expected. 

Adatidna Heights, the busy scene of the great miliolite indus- 
try of Porbandar State, marks the limestone-limit at a height of 
about 300 feet above the mean sea-level for the deposits slope 

, gently, for a few hundred yards, as 
— teat ime Madiona ('°*,. stoneé-atrewn stretch of almost level 
land, up tothe steep slope of the 
lofty hills and beetling crags above. From a distance, the allti- 
tude of the Heights and long line of quarry-workings is clearly in- 
dicated by the piles of wastage dumped around the open-pit 
mouths, as shown at x-r, in the photograph, Fig. 13, which was 
taken from a distance of slightly over one mile from the NE. side 
of the village of Adatidna. 

Quarrying operations have already been carried to practically 
the end of the deep deposits of miliolite, which cease almost ab- 
ruptly about 134 miles NNE. of Adatidna, where small workable 
beds of untouched stone of tolerably good quality flank the sides 
of a deep mountain runnel called Sij Jhar - but, in a westward 
direction, descending to the village of Adatidna and its surround- 
ing plains, the miliolite beds of compact stone thin downto buta 
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few feet in thickness, and no longer lie directly upon the moun- 
tain-m2ssive, but are underlaid by a thick stratum of more or less 
brecciated conglomerate, the upper layers of which are frequently 
concretionary to a large degree. 


Continuing northward after the cessation of the deep deposits 
of the Adatidna Heights, the base of the hills beyond Sij Jhar, is 
merely crusted here and there with patches and small mounds of 

| _ miliolite full of impurities, derived 
Dreapdboiy: «tg ae other Quarry: fom the underlying hypabyssal 
} rocks; but hereabouts, the hill-spurs 
and slopes are admirably adapted for large quarry sites capable of 
yielding a rich variety of valuable felsites and granophyres. Such 
quarry sites are indicated on the Coloured Geological Chart by 
small circles each bearing a registered number corresponding with 
the registered number on the list of rocks gathered by the Geolo- 
gical Survey Department for the State Museum Collection. 

About one mile almost due north of the NW. termination of the 
extensive quarry sites on Adatiana Heights several spurs from conti- 
guous hills converge to from an ascendable gorge called “ Bhil 
Jbar, " to which a rugged pathway leads up to a pass and down be- 
yond into the valley of Sathvirda Nes. A photograph,-fig. 14,-was 
taken of this site,as affording an exceptionally fine view of the 
contours and general physiographical features distinctive of hills 
of hypabyssal in contradistinction to those of volcanic origin. 

To return to the subject of the miliolite deposits of Porbandar 
State:—It would be almost impossible, unless by wearisome and un- 
profitable details, to describe the spread of the countless patches 
and mounds of the material that have been left undenuded between 
the Bardas and the sea-shore; but a correct estimate thereof may 
nevertheless be gathered by a glance at the Geological Chart, 
wherein the comparatively recent deposits of miliolite, are shown 
by closely parallel blue lines, From these it may be observed, that 
the vast bulk of the miliolites, ( which must,-upon the final emer- 
gence of the land from the Pleistocene sea,-have covered the entire 
countryside of the State below the line of limit, 300 feet above the 


54 ECONOMIC GEOLOGY OF PORBANTDAR STATE 


sea-level), has been’swept away’ by’ denudation, leaving only a 
comparatively insignificant portion behind to fill the recesses and 
encrust sundry favoured spaces over the length and breadth of the 
land, 

It thus happens that the remains of the miliolite are found co- 
vering all kinds of previously formed rock; and when the basement 
beds of any particular deposit, of miliolite are examined they invari- 
ably show inclusions of the subjacent and other local struc- 
tures, frequently in large brecciated ar rounded fragments, but of- 
tener in small particles, pebbles and grains of microscopic dimen- 
sions, Typical examples of these will be given in a future report, 
with analyses, microscopical determinations of the mineral or other 
units, and their relations to one another pictorially illustrated by 
photomicrographs with a view to demonstrating, beyond dispute, 


the origin, precise nature and economic value of each selected type 
of stone. 


DAMODARDAS PRINTING HOUSE.—RAJKOT C. & 
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‘THIRD QUARTERLY REPORT ~ 


ON | hes 


THE ECONOMIC GEOLOGY OF PORBANDAR STATE. , aie 


| BY . be ee 
E. HOWARD ADYE, F.G.S., etc., 4 


Director, Geological Survey of Porbandar State. 


December, 1915; January and February, 1916. 


( \BSERVATIONS on the economic value of ‘ Porbandar-stone ’ 
| or miliolite-limestone would be sadly deficient without some 
definite information concerning the comparative strength and chemical — 
composition of the material ; the first for the guidance of architects and 
builders, and the second for the satisfaction of manufacturers of building- 
materials of the nature of limes, mortars, concretes and cements. 
As a rule, architects and builders now-a-days very properly insist 
upon specifications to denote what is technically termed the * crushing- 
strain ’ of stone tendered for the erection 
pilverage , Crushing-strain, of of public-buildings and the better classes 
of dwelling-houses; for which the best 
erades of Porbandar-stone have so long been famous, not merely locally, — 
but throughout the length and breadth of the Indian Empire. The | 
quarry-holders at the Adatidna Heights near Ranawio Station in Por- 1 
bandar State, whence the finest qualities of miliolite are exclusively 8 8 
drawn, are usually content to vaguely quote the rumour thatthe best = = 
‘white-stone ’ or dora-pana, as they call it, will withstand a crushing i a 
strain of about 2,200 Ibs. per square inch. Fortunately, however, the My 
results of accurate tests by P. G. Messent, M. Inst. CLE., are now avail- zl 
able -* and they give the crushing strain, per square foot, at 165 tons 
14cwt. This then may be taken as substantially correct, presumably — 
for blocks horizontally laid, with reference to their lamination. — 
© “British and Foreign Building Stones’ by JOHN Watson, Cambridge University 
Press, 1911, Pp. 428.—In a letter to the writer the author points out that Porbandar- \ 
stone has, by misadventure, been classified as a sandstone, | 
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Economic GEoLoGy OF PoRBANDAR STATE 


-Chemically considered, Porbandar-stone consists” essentially of 
carbonate of lime, in a practically pure condition, in the highest grades 
of the stone, when in a perfectly fresh and 


_ chemical Composition of "Por- stable state, with only appreciable pro- 
. portions of magnesia, silica, iron and 


alumina, and undetermined alkalies of small importance, The stone 
wastage, of which enormous quantities are always available—on account 
of the primitive methods of extraction in vogue at the quarry sites— 
consequently yields lime of an exceptionally pure and superior quality;— 
well adapted, when kilned, for the use of builders, and also as the basis 
for high-class cement-making. For the latter purpose it is being exten- 
q sively employed by THe [xpIAN CEMENT COMPANY, LiMiTED, at their 
| elaborately equipped works in Porbandar City, and an analysis of a 
typical sample of the stone recently made by R. E. J. M'‘Cucty, the 
Company's analyst, is here recorded* as being strictly in accordance 
with the writer's microscopical determinations. 
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In general geology the term sfructure is usually employed to denote 
those larger features connected with the ways in which the materials of 
the earth's crust are commonly disposed ; 
gee prt the Terms Struc- cych as the stratification, eruption, intru- 
sion, jointing, metamorphism and so forth, 
of rocks : while the word éexfure has been reserved to signify the character, 
7 comparative sizes and relative disposition of their mineral units. Since 
the introduction of the microscope as a means for geological research, 
however, siruciure has been increasingly employed to indicate—as in 
biological histology—the intimate nature, condition and modes of asso- 
ciation of mineral aggregates ; and, in that modified sense, will it be 
used in the sequel devoted to the optical determination of the stones 
of Porbandar State. 
* By permission of KR. 5vDNEY SyMONs, Manager, Cement Works, Porbandar. 
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MILIOLITE UNDER THE Microscope = 59 


Under the microscope, properly prepared sections of Porbandar- 
stone or miliolite-limestone may be seen (aided by varying powers of 
the instrument and aecessories for the — 
Miliolite under the Microscope. modification and adjustment of light) to 
, consist essentially of a number of more or 
less rounded derived or clastic particles held together by a cementing 
matrix of small crystals of carbonate of lime, The clastic particles may 
be uniform in both nature and dimensions, and compactly cemented = -— 
together by a perfectly fresh and crystal-clear mosaic of calcite. When 
such happens to be the case in sections of true samples, cut in a variety 
of directions, or, at the very least, both parallel to and across the lamina- 
tion, and the clastic particles moreover give a measurement varying from 
about ,* to = of an inch in diameter, the stone may unhesitatingly be 
placed in the first or highest commercial grade.* 

Variations, either-in the nature or the sizes of the grains, or defi- 
ciencies, discolorations, turbidity, etc., in the cementing material, are 
sufficient to determine the proportionate inferiority of the stone, so that 
microscopic examination in these instances may be relied upon as an p 4 
unerring guide to the quality of the rock. A first grade stone may thus 
be subdivided into two or more commercial qualities ; but, when the thin 





lamine of the stone differ in texture—alternately finer and coarser > Ake 
graincd—the sample should be classed as second grade. Third grade : ee 
miliolites, in like manner, may be recognised microscopically by the /-) eee 
sreater loss of uniformity in the sizes of their clastic units, the variation = 's > 
in the nature thereof and the tendency to become flaggy in bulk, so that ee be 
thick blocks for building purposes are not available. ; , DF 
In order to demonstrate beyond dispute, the precise nature and tae ei 
condition of the clastic units, .the character of the cementing material, ae i - 
the relation of the particles to one another, and the proportions in which oe i. 
they are manifested in the texture of stone suitable for economic use, it “Jae 
will be necessary to place on record a series of photomicrographs from a 
preparations of typical samples with explanatory text—and this shall ~ ) a 
be done in a special chapter at the end of these reports. me?! 
Miliolite-limestone as a true sedimentary deposit of principally ! A a 
marine-littoral, but also of deeper sea origin, so very closely resembles ths % 
Sedimentary and not Sub-serial the blown-sands of sub-zrial consolida- a 
Origin of Mleltte. tion, that it would be difficult, if not hope- he 
less, to try to distinguish between the two types of stone by laboratory dy a 
® See Plate XX, Upper Figure, ‘ Memoir on the Economic Geology of Navinagar ee 
State,” by E, Howarp ADVE, Bombay, 1914. Se 22 
<4 
4 } 
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ie Ven research alone, In the field, however, the distinction becomes more or 
Re 1.35 Tess plainly manifest, and in order to render this quite clear, a few examples 
Cy ‘may here be culled from the pages of the writer's reconnaissance note- 
M5 book as follows:— 
a Geotectonic memoranda on the coastal borderland of Porbandar 
re a State show that at its most northerly limit, represented by the Meda 
Fas Creek and spit-bound harbour of Midni, 
Coastal Borderland in the Neigh. the wolian sands sweep inland for a mile 
gece or more, forming considerable dunes, for 
; _ about half that distance ; but that the blown particles are checked to a 
av et large extent from farther incursions by a long, low ridge of Dwarka- — 
. limestone capped by a crust of miliolite. Both of these formations rise 
prominently in the immediate neighbourhood of Midni, the miliolite 
eric ut _oceurring as a deeply-quarried eminence on the south side of tke 
2 | town and tailing down to almost nil at its northern aspect; while | 
come the Dwiarka-limestone, differentiated to show a fringing coral-reef-scarp, 
ty he juts boldly from beneath to face the Meda Creek on its eastward side. 
De aN ‘Both again, are obscured by the blown-sand to reappear far south at 
ee the low-tide mark and as windward scarps on the Arabian sea-board. 
ire The great Wartu river, flowing westward with the accumulated sur- 
oe face drainage from the northern heights of the Barda Group of hills — 
| oe augmented by supplies from the bedded- 
| Precipitation of Selenitic lava uplands of Gop and other parts’ of 
ares, mone teiee peor Waeal of tbe Navanagar State; breaks up into innumer- 
: ee. able lesser channels to ultimately discharge 
ety! -into the upper reaches of the Meda Creek: while the inrush of the tidal 
Le waves is carried far inland to contribute to the formation of a widespread 
yeahs saliniferous marsh, so that the meeting of the waters—the fresh and the 
nie a salt—fulfils the patural conditions, upon due evaporation for the preci- 
4 pitation of gypsum, which is found in abundant flakes of selenite, un- 
Se Se ait fortunately too freely mixed with alluvial mud to be of much valve. 
bes -* To return to the coastal borderland :—The -miliolite is mani- 
Ss fested SE. of the Meda Creek mouth in the form of gradually decreasing 
Si i. a blufis or low sea-scraps with inconsider 
Bee: Coastal Borderland the Pareiiel able sand dunes above and a shelving 
se oe gota beach below, through which breakers of 
oe | Twarka-limestone emerge at low-tide mark ; and these conditions prac- 
op tically prevail for fully 4} miles SE. to the parallel of Tukra, At 
Tukra, however, the borderland (which, for the sake of conventional 
Pym : description, may be limited to a mile and a-half in width), is diversified 
sj 
¥, eae 
Beas: 
ag 
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on the northern quadrant of the village by interesting exposures of other 


rocks which serve to elucidate the succession of strata immediately — 


underlying the abovenoted Dwarka-limestone beds. The N. of the village 


is invested by a capping of laterite-conglomerate, overlapped on its 


eastern moiety by a small, but sharply defined deposit of Gaj (Miocene), 
limonitic limestones and conglomerates bearing a rich crop of distinctive 
fossils - while these in their turn are shawn upon the summit of an 
isolated hillock hard by, to be confarmably overlaid by the denuded re- 
mains of a compact whitish freestone in flagey beds, the basal portions 
of which are crowded with fossil (chiefly lamellibranchiate) shells, which 
do not tally with those of the Miocene strata below, but clearly belong 
to a higher horizon ;—the Dwarka Group of FEDDEN. 
Farther south-astward, at a distance of about 2 miles, the coastal 
borderland in the neighbourhoad of Visdwara presents a slight but subtle 
change. The Creek which breaks the con- 
cee eeriroen eee aoe tinuity of the shore-line SSW. of the 
— town exhibits at its mouth a varied deve- 
lopment in the disposition of the strata. It is probable that this inlet 
dates back to Pre-Pleistocene times, or at all events had an existence 
prior to the deposition of the miliolite-limestone formations. Thus is 
evidenced by the superposition of the beds laid bare by the erosion oi the 
rivulet which terminates in the creek ; for the river-terrace formed by the 
sub-recent elevation of the land shows its gravelly deposits to be over- 
laid by from 10 to 15 feet of miliolite forming a bold sea-scarp at the 
mouth of the creek, 
Underlying the river-gravel, there comes a very conspicuous fring- 
ing reef of astrean and other corals, manifestly of Dwarka age, the bulk 
of which appears to be only partially 


Coralreef Boldly changed by fossilisation ; albeit the same 


Bared at isaware : , 
structure, disclosed by well-shaits inland, 


reveals the coralla completely re-calcified. This coral-reef is here to be 
seen in sil, as thoughvstill growing upon its base of fossiliferous Dwarka- 
limestone conglomerate, while the underlying beds of the same group 
are composed of thick compact and flagey freestone essentially simular to 
that noted abave, as crowning the singular hillock NNE. of Tukra. 
Inland at Visdwara, the Dwarka beds are worn down to their base 
at the N. end of the town, and the underlying Gaj, limonitic-limestone 
outcrops in dominance with a plentiful inclusion of fossi!-shells and 
shell-casts in its rubbly subsoil, extending to the NW., N., NE. and E, of 
the town. 
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At the parallel of. Visdwara the coastal deposits of Tertiary and 


‘subsequently formed strata stretch so far inland, that they can scarcely 


come within the popular meaning of sea-cide 
pitland Tertiary Deposits at the structures, although they must thus be 
| eign es included in this place. The Miocene Gaj- 
limestone deposits, more or less obscured by Dwdarka-limestones, 
outcrop intermittently for more than 2 miles NE., to the site of the 
ruins of the Hathidni Temple; emerge again 4) miles ENE. from 
Visdwara, NE. of Keseo, overlapping the bedded-lavas of the Deccan trap 
Period, are continuous most of the way E. and ESE. for 24 miles towards 
Palakra, and thence onward and eastward are obscured by the fresh water 
alluvial deposits of the Ger or Great Northern Marsh of Porbandar 
State, to reappear finally on the confines of Bharwara, or approximately 


_ 6 miles distant, ‘2s the crow flies,” from the present seashore. 


These inland outcrops are specially noteworthy by reason of certain 
economic products which show signs of being worthy of exploitation. 
As already recorded, they comprise a 
pesonomic Products of Inland presumably extensive occurrence, over- 
lying the subsoil, of good-yellow-ochre, one 
mile E. by ESE, of Palakra, at a depth of about 15 feet from the sur- 
face ; sundry beds of compact, ornamental yellow limestone called 
Pindaralite :* and the newly named Bharwaralite, which is an indura- 
ted, fresh cinnamon-coloured, ornamental stone, available m thick and 
large slabs, 1} miles SW. of the village after which it has been named, 
Of scientific interest in the same neighbourhood, } mile SW. of Bhar- 
wara, the dry bed of the river exposes the presence of a Miocene coral- 
zane, characterised by the densely crowded stalks of Stylophora, a few 
compound single corals, occasional valves of Venus cancellata, and some 
spires of a Twrritella. 
Repetitions, on a less-marked scale, of the succession of strata Te- 
corded as occurring at the northern scarp of Visdwara Creek-mouth, 
are found in irregular development along 
Geological Structure of the ee whole length of the strip of land be- 
to the N. of Porbandar City. tween the Visdwara river and the sea-shore, 
as far as to the SSE. of Ratari; but 
thereafter, and right down to the north-westward confines of Porbandar 
City a wonderful uniformity of structure prevails which may be briefly 
expressed as follows :— _ 


* *Memoir on the Economic Geology of Navanagar State,’ Bombay, Igig, 
177, ef seg. 
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Breakers of sound and strong, sandy and shelly thick flagstones, full» 


of brecciated as well as rounded fragments of Gaj limonitic-limestone, 
, outcrop more or less prominently at low- 
_ofaarse ‘Loosely-textured, Con- tide mark on the shore-line of the Arabian 
lidated Shell-sund. Quarried 93 Sea, to be succeeded by a strip of beach 
NW. of Porbandar City, of very variable width. The surface of the 
land itself commences with dunes of blown 

sand, composed for the most part of whole as well as comminuted shells, 


resting upon an almost indistinguishable base of raised beach of the 


same, but more firmly consolidated composition. Frequently a secand 
more inland, billowy dune obtains, and it is usually through this upraised 
wolian and partly marine supra-littoral accumulation that pits are 
extensively dug, all the way from Khimeshwar Temple near Kunchri 
right up to within a short distance from Porbandar City for a loosely 
compacted stone, much used for the erection of the poorer classes of 
dwelling-houses. . 
The Dwarka beds immediately underlying the abovenoted stone, 
varies in character considerably, as it is revealed either by natural or 
artificial exposures farther and farther 

Varied Character of the Dwarka inland :—possibly by reason _of altered 
Beds, N. of Porbandar City. horizons. They constitute a long low 
ridge of very rough surfaced shelly and 

sandy, compact, medium-grained, flaggy limestone which extends conti- 
nuously from the SSE. of Ratari for no less than six miles towards the 
Capital-town, and at a mean distance of 47 furlongs from the shore-line. 
Farther inland, the Dwarka beds assume a very different character 

and vary very much both horizontally and vertically. From Bardia to 
Sirinagar and NE, of Katela they are represented by thin and thick 
ruddy flagstones, often very rubbly, sometimes concretionary, and inter- 
bedded with or overlying considerable depths of conglomerate, especially 


at the SE. side of Sirinagar, while the beds farther south in the direction . 


of Katela, are covered by a compact crust of miliolite. Strangely enough, 


on the NW. side of Sirinagar, the same beds of stone, are compact and can=— 


cellated, lie upon a richly fossiliferous base, which in its turn rests upon 
a rubbly zone of Gaj limonitic limestone crowded with organic remains. 

At Kunchri the Dwarka beds yield large white and ruddy flagstones 

composed of alternating compact finely-textured m.terial in thicknesses 

of an inch or more, and dark-coloured 

ae eS Fiagstenes thin laminw. These great slabs of lime- 

stone sometimes hold together in thick 
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nesses of a foot or more ; but they are only too often prone to part into 
flakes along their dark-coloured incoherent lamine, The same stone 
spreading out over the plains in the direction of Degaim, | 
more or less bleached, and is much false-bedded. It ig very ex- 
tensively quarried around and about the smalltown but only to inconsider- 
able depths, @s it speedily grows rubbly, fossiliferous and conglomeratic. 
Towards Babadeshwar Temple to the N. of Degim another marked 
change in this variable stone was noted, for it acquires a very dark 
colour,—sometimes brown, purplish and 








‘ Dark-coloured Flagstones of the even almost black :-—and the same kind of _ 


alteration in colour also occurs at the 
isolated hillock called Bhado Dhar, where the false-bedded stone may 
be seen directly overlying the yellow Gaj-limestone to the SW. of 
 Bhdrwdra. Another isolated outlier of Dwarka-limestone of a rusty 
colour, in thin flaggy lamine of a shaloid character, outcrops in form 


of a narrow elongated hillock, by the highway about } mile S. of the — 


town of Khambhodar. The surface of the hillock adjoining the roadside 
_ is literally riddled with pits ; for the material, which is hard although 
flaky when extracted, breaks up very readily into an angular shingle of 
from 1 to 14 inch gauge, and is unadvisedly used by the State contractors 
for road-metalling. 
Between the parallels of Kunchri and of Porbandar City farther 
south, the really coastal Tertiary and Post-tertiary, or, to be more 
precise, the Gdj (Miocene), and Dwdrka 
pDugrxa | Cunchrisnd Porban- (Plid-Pleistocene) Groups 9 beds teins 
oan Cy. inland superficially for very considerable 
distances. The false-bedded Kunchri and Degam faestones, with their 
‘underlying quota of fossiliferous conglomerate, spread southward con- 
tinuously a5 far as Porbandar City, covered by deposits of alluvium 
thrown down in the region of the NW. trending backwater from Por- 
bandar :—upon which the State salt-pans are situated. Towards the 
east they encrust the ground up to a geological boundary extending 
from the neighbourhood of Bakharla, slightly E. of Kolikhara, and then 
in the direction of Ranawdo and intermittently far beyond. Southward 
they are obscured by the alluvium of the Great Salt Marsh. 
Underlying the Kunchri and Degim flagstones, which by reason 
of their hatdness and capability of resisting great crushing strain 
| when laid with their Jamine in a horizon- 
the foundations of dwelling-houses, it is 
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presumed that the Miocene, or ‘Gaj limonitic-limestones, recognisable 
at a glance by their prevailing yellow and orange hues, also extend far 
eastward from the coast-line towards the base of the Barda Group of 
hills in the direction of Randwado and beyond. Evidences af this are to be 
found as follows -—({i).—The coast-line breakers at low-tide mark con- 
tain an abundance of both rounded and angular fragments of these 
unmistakable stones. (ii)—The Creek-banks on the N, and E. sides of 
Porbandar City show small exposures of shelly and sandy Dwarka- 
limestone, overlying Gdj limonitic-limestone. (iti).—The new large 
well-shaft, within the Bokhira limit near the Porbandar City water- 
works exhibits beneath a layer of ruddy, indurated Dwarka-limestone, a 
thick deposit of beds of compact, Gaj limonitic-limestone of the Pinda 
ralite type, and richly fossiliferous rubbly conglomerate belonging to the 
same Group. (iv)—The erosion of the Wandana Vokala at Virpur by 
the high-road to Randwao shows the yellow Gaj-limestone gleaming 
beneath surface beds of Dwarka-limestone on its E. bank. (v).—The 
miliolite deposits encrusting the plains and deeply developed towards 
the base of the Barda hills, when examined under the microscope, exhibit 
a fairly large proportion of rounded grains of Gaj limonitic-limestone, 
detectable by their characteristic fossil cantents and lithological pecu- 
liarities, which will be exemplified in the sequel by photomicrographs. 
Eastward, beyond the geological general boundary of the Gaj and 
Dwarka beds, which occasionally outcrop as insignificant patches here 





Miliolite Dep eastward of 20d there, the country-side is practically 
tne Geological Dou at the encrusted with miliolite deposits, already 
Parallel of Porbandar Cy. ascribed to a much later period of the 


Pleistocene Age, Deposits of coarse, sandy and much honeycombed, 
weather-worn and decomposed or altered miliolites, from a few inches 
up to ten or twelve feet or so, obtain in undenuded areas, from the coastal 
borderland of Porbandar City to be swept almost entirely away from the 
* surface of the Dwarka beds, until about three miles or thereabouts from 
the base of the S. and SW. Bardas. The surface of the ground there- 
after becomes more and more thickly strewed with miliolite drift and 
fragments of the mountain massives, while the deposits of the limestone 
gradually increase in thickness up to the line of limitation on the Adatidna 
Heights. 

Porbandar City, with its encircling Creek which swerves south- 
eastward to pass into the NW. diverticulum of the Great Salt Marsh, 
furnishes another well-defined break in the continuity and character 
of the geological coastal borderland of the State ; for it ts at this juncture 
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that confusion is apt to arise concerning the origin and succession of 
the Quaternary strata which constitute the main portion of the shore- 
lands, A few of the observations in this connection must therefore be 
taken as provisional pending the confirmatory evidence of forthcoming 
laboratory research. 
There can be no room left for doubt, that the Dwarka flagstones, 
laid bare by the wearing down of the miliohte towards the SE. 
of Porbandar City and partially obscured 
Dwarka Flagstones of Chaya be recent deposits of marsh mud, increases 
mT aa ee both in thickness and economic quality 
on the way to Chaya ; for the town there rests, as shown by local well- 
shafts, os deep foundation of thick, compact, but variable beds of the 
fagstones which, however, by reason of their superior hardness, lability 
to split along false-bedded rifts, and the comparative difficulty experi- 
enced in extracting and tooling the stone, have been only sparingly 
utilised. These Dwdarka flagstones, veiled by alluvial deposits, reappear 
on the W. and especially upon the SW. and S. side of Chaya, to constitute 
the basal fabric of a high ridge which runs practically parallel to the 
shore-line at a mean distance of a trifle over half-a-mile therefrom, and 
rises to a maximum height of 66 feet above the level of the sea. The 
flagstones, however, do not take any further part beyond its foundation 
in the formation of the ridge, but pass sheer beneath that structure to 
reappear first upon the leeward side of the blown-sand dunes, and after- 
wards as breakers beyond the strip of beach at low-tide mark. 
At first sight, the stone forming the abovenoted high ridge presents 
a strong miliolitic facies ; but there are subtle differences, tacitly granted 
by even the native quarrymen, which 
ae er Oe ee serve, to separate ‘Chaya-stone,” as it is 
called, from the dord-pdénd, muiliolite or 
‘Porbandar-stone’ of commerce. Laboratory analyses and optical 
determinations will doubtless serve to define the differences that subsist 
between the two textures, and to confirm the opinion that the Chaya- 
stone consists essentially of a sub-aerial consolidation of fine blown- 
sand, of sub-recent date, representing a former dune which has acquired 
its present inland position through the elevation of the land, 
Situated approximately } mile SSW. of Chaya, the highest part 
of the ancient, solidified dune of fine blown-sand has, since about 
50 years ago, been made the centre 
tue Cagze shone Quarries SE. of an extensive series of pit-quarries, 
which to-day present the appearance of a 
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range of huge oubliettes, many of which are excavated to the depth of 
about 60 feet. These strange-looking, champagne-bottle shaped bur- 
rows may be very simply accounted for by the fact that they were 
commenced as smal] vertical shafts through a surface layer of much 
perforated and then of rubbly stone, which at depths of from 10 te 20 
feet, gradually becomes more compact and commercially valuable ; 
so that, in order to save labour and expense, the native quarrymen began 
undercutting, or, in reality mining on a small scale, leaving a pillar or 
two here and there to avoid collapse—occasionally, however, without 
avail. 
The superficial portions of the Chaya-stone are much honeycombed 
and indurated by sunbaking, except at sundry denuded places, and are 
therefore rejected by the quarrymen ; 
chases of Pertorations inthe but their perforations appear to difier in 
character from those found in correspond- 
ing situations of the miliolite, and are usually, especially at depths of 
ro or 12 feet, when diminished in dimensions, filled with cores of ruddy 
clay and possibly vegetable remains. It is therefore assumed, subject 
to laboratory corrections, that the perforations and other larger inter- 
Spaces, represent the relics of former binding weeds and creeping plants 
which formerly flourished on the original dunes of sand, coupled with 
the sporadic burrows of agamoid lizards, such as abound on the sandy 
stretches at the lee side of the sand-dunes bordering the beach of the 
entire length of the State shore-lands. 
Chaya-stone, a5 already intimated, varies in texture and quality 
both horizontally and vertically, but not to the same marked degree as 
stones of marine-littoral origin such as the 
Pees Pererenreeet Chaya- underlying Dwarka flagstones or the milio- 
lite. While its superficial) layers are indu- 
rated and honeycombed by the combined agency of plant-growths and 
weathering, the texture of the material appears to be uniformly fine- 
grained. Deeper down, while the texture remains practically unchanged, 
the perforations diminish in size and are more or less occluded by inco- 
herent as well as compact ruddy, earthy matter, probably representing 
successive buried layers of plant-roots and creeping-rhizomes, At the 
lowermost zone, some 50 to 60 feet .below the surface of the deepest 
developments, the stone once more assumes a much cancellated but 
_ somewhat varied texture ; presumably by reason of its original partially 
sedimentary character when deposited as beach-sand upon the gradually 
uprising substratum of Dwarka flagstones. 
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At sundry favoured places, the Chgya-stone is more or less free 
from perforations and becomes quite compact and of fairly white colour, 
closely resembling a good-grade miliolite; 
Market Value and UsesofChaya- ut, as it is the custom at these quarries to 
merely recompense the workers for their 
labour, all qualities are sold without distinction at the various pit- 
mouths by bargain. The stone is usually cut into rough blocks 12 by 
12 by 6 inches im dimensions and normally sold at about Rs. 5-8 per 
' roo blocks : other sizes are available by special orders at proportionate 
a prices, but are only seldom demanded. Trade statisti¢s are not registered, 
as the demand for the stone is entirely local ; although as many a5 25 
pits are kept open during the working season to supply calls irom Por- 
bandar City-builders for the erection of native houses and cottages. 
Descending on the southern side of the Chaya-stone sites, a small 
valley is formed by the rising of another but much less lofty elevation, 
Ea a ee | - which also runs intermittently parallel 
Mithl Khan, full of the Valves of with the sea-shore at a mean distance ot 
: 2} furlongs therefrom. This mdge is 
manifestly the solidifd representative of another but more recently 
formed dune of blown-sand and was formerly quarried for stone, at 2 
site called Mithi Khan, whence material of a less coherent character 
than that of the Chdya-stone was extracted for local needs. The stone, 
which is likewise freely cancellated, bears large numbers of partially 
altered shells of marine molluscs chiefly of Recent Pelecypoda, The 
consolidated, blown, shelly-sand of this ridge overlaps the underlying 
strata of Dwarka flagstones which outcrop at its windward base, like 
a long line of upraised beach. 
Yet another depression here intervenes, which during the monsoons 
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of blown-sand constituting a stretch of 
\ or Natural Chunam’ omtheleeside dunes in process of formation ; which if the 
me elevation of the land continues, must even- 
tually give birth to a third terrace of consolidated stone of the Chaya 
type. The abovenoted depression at this particular place is specially 
interesting and of some importance locally as a site from which poor 
persons are allowed to dig for supplies of ‘natural chunam,’ The carbo- 
nated waters draining the highly calcareous ridges to the NE., annually 
dissolve large quantities of lime and bring it down to the channel below 
to be first precipitated by subsequent evaporation and then naturally 
kilned by the agency of sunbaking. | 





is flooded with water and separated from the open sea by a third ridge . 
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- form a variable width of sandy shell-strewed beach, from which the under- 


stitution really is, remains to be shown by forthcoming laboratory 
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persist until temporarily obscured by the alluvium or waters of the 


'miliolite, ¢.e., a true sedimentary stone of marine origin and Pleistocene 
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On the windward side, the shore sand-dunes slope downward to 


lying strata of Dwarka flagstones emerge at low-tide mark, as usual 
along the whole of the coast-line from Porbandar City, to form a bold ~ 
line of breakers. Towards the N. of Chaya, the Dwarka flagstones 


Porbandar Creek to be capped at the eastward bank of the latter by a 
very thin denuded deposit of decomposed miliolite. 
_ (Contrary to all expectations, in following the south-eastward course 
of the Chaya ridge of consolidated blown-sand, that eminence gradu- 
. ally dwindles down to rise again to the still 
probeble Deposit of Fine Miliotte Sreater height of 96 feet above the level of | 
es the sea in the direction of the small town of 
. Adodar, (pronounced Aorda), where it is. 
known by the name of Salak Tobra; but Sdld4k Tobra is no longer 
formed from blown-sand, being constituted from base to summit of much 
false-bedded and deeply decayed Dwarka flag-stones ; on its eastward 
slope however, 3 mile NW. of Adodar, the hill supports. a fairly thick 
deposit of a finely-textured white limestone, strongly resembling a 
high-grade miliolite of the best quality ; but upon being handled the 
stone was found to break short when sliced to the tenuity of } inch, 
whereas good miliolite can be cut almost to the thinness of a wafer 
without falling to pieces. Clearly then, this stone if it turns out to be a 


Age, must be very peculiarly constituted, What the natureof that con- 


determinations, Meanwhile, it appears to be just possible that the stone 
is a true miliolite, from the circumstance that at aboutthe same parallel 
and only a trifle over two miles inland, a small hillock, 56 feet above the 
sea-level, called Chirora-ka-Tobra rests upon a base of Dwarka 
flagstones surrounded by the alluvium of the Great Salt Marsh, and is ~ 
apparently built up of much false-bedded, finely laminated limestone 
so much decomposed as to be on the very verge of dissolution. 
At Adodar itself, } mile NW. of the town, the Dwarka flagstones, 
which evidently constitute a permanent feature of the coastal selvage 
are covered by a deep dome-shaped emi- — 
Structure of the mence of finely-textured, perforated and 
‘land atthe Parallel ¢1<e-bedded, soft grey-brown stone of the 
Chaya type, and, like the latter, is very 
probably of wolian origin. This was formerly quarried to a maximum 
14 
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depth of 20 feet. Otherwise the geological structure of the coastal 
borderland at this parallel and right down SE. along the shore for fully 
34 miles to the neighbourhood of Tunkra, is essentially similar to that of 
Chaya, and might be correctly exemplified by an abbreviation of the same 
sectional diagram. 
Inland, however, the Dwarka beds of Adodar, present a varied 
group of rubbly, concretionary, russet-coloured stone, interbedded with 
thin flagstones passing into richly fossiliferous conglomerates below ; and 
these beds outcrop, often at a large angle (on account of their false- 
bedding), to render the country roads exceedingly rough and rutty, 
for nearly a mile and a half inland, after which they are covered by the 
alluvium of the Great Salt Marsh, the main body of which roughly re- 


- presents the enormous total of more than 60 square miles of reclaimable 


waste territory. 

Between the parallels of Chaya and Adodar, the inland geological 
structure of the country is to a large degree obscured by the alluvial 
deposits of the main-body of the Great 
Pasa! Northern = oats of the Salt Marsh, which at this,—its northmost 
moiety,—has an average width of a little 
more than 4 miles ;—a dreary, barren waste of dark-grey mud passing 
into the condition of saliniferous clayey earth during the dry season, 
but flooded by the rains to the depth of many feet. The elevation of 
the land, which has been steadily progressing since the deposition of the 
miliolite in Pleistocene times, has already reclaimed considerable tracts 
of this periodically submerged land, and the deposits of alluvium, usual- 
ly deep enoygh for all agricultural purposes, and capable of being pre- 
pared almost without digging or ploughing, is acclaimed by native hus- 
bandmen to be wonderfully fertile, especially in germinating power and 

for the rapid growth and maturing of cereal crops. 
Patches of stony ground, notably to the south of Ranghawao, around 
Khokhri Parab, the hillock of Chirora-ka-Tobra and midway on the 
Ms | pies tina track to Mokal, serve to reveal the conti- 
from Mekalasa Centre of Obser- nuance—right up to the westward confines 
of the last-named village—of Dwarka 
beds of rubbly flagstones. To the N. of Mokal, where the strata are 
not covered by alluvial deposits, the ground gradually shows outcrops 
of bedded-lavas : but these soon become strewed over with miliolite 
drift, and are finally covered more or less deeply by basement beds of 
miliolite-conglomerate and coarse miliolite on approaching the district 
town of Randwdo, Slightly eastward from Rdédndwdo, the miliolite 


deposits are completely worn away at places to reveal false-bedded 
outcrops of medium-grained Dwarka flagstones. 

Eastward of Mokal, the alluvium, still distinctly saliniferous, but 
augmented by detrital. matter from.the northern uplands, is im like 
manner gradually ousted from the surface, first of all by outcrops of 
bedded-lava and then by a deposit directly upon the latter of basement 
beds of obliquely laminated miliolite, right up to the boundary of the 
State, vid Bapodar to the relics of old Asidwadar. Practically the same 
conditions prevail NE. to Wadwdla, and to the boundary district~ 
town of Kandorna, a little beyond which across the River Minsar 
the ground becomes essentially volcanic ;—here, Dhanak Dhar, 
an outlier of hypabyssal rock, rises to the height of 137 feet above the 
level of the sea. 

Returning to the region of the shorelands of the State, a great 
gap in the continuity of the coast-line occurs about 5 furlongs NW. 

of the village of Tunkra, whereby a formi- 
ee in tea Hanh of the able inlet of about } mile broad remains 

patent to the open ocean during the rainy 
‘seasons, but is closed by a sandy-bar at other times. The effect of 
this break upon the geological structure of the coastal borderland has 
been to cause the stretch of low hillocks trending SE. ‘irom Adodar 
at a mean distance of 800 vards from the sea, to swerve slightly inland 
on both sides of the breach. The NW. extremity of this wide 
creek is much attenuated, and thereby affords a good crossing over a 
stone causeway which, when the monsoon floods subside, serves as a 
temporary dam to retain a considerable body of brine on its landward 
side, and the brine thus conserved forms a kind of pan from which 
evaporated salt is collected. 

While touching upon the subject of salt, it will be remembered that 
a passing allusion was made to the salt-pans located about a couple of 

miles NNW. of the City of Porbandar, 

Evaporated Sea-salt and the on the east bank of the backwater, from 

er <n the working of which a small revenue 
accrues, With reference to this matter, the following brief sketch, 


taken from the writer's Rough Monthly Reports, may here be advan-_ 


tageously repeated :—‘' Alluvial deposits obscure the bed of the back- 
water in the region of the salt-pans ; but from observations of outcrops 
on the roadway north-westward from Bokhira it is at least certain that 


the underlying strata belong to the Dwdrka Group of beds, equivalent 


with those that stretch NW, to the confines of Kunchri and N, to Degam, 
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‘The salt-pans are projected after the fashion of native wheat-fields, 
into a number of rectangular beds or shallow tanks, divided by ; 
channelled mud-banks or aqueducts ; and the brine from the back- 


water is collected at high-tide into a well-shaft or reservoir adjoining, from 
whence it is raised as required by leathern buckets and bullock-labour, 
to be allowed to flow by gravitation into the prepared pans. Evaporation 
by the fierce rays of the sun does the rest ; and, so soon as a sufficiency 
of salt has been precipitated, usually in caky layers of about an inch or 
two in thickness, it is simply gathered by handfuls, rinsed in the remaining 
brine and thrown into small heaps to be gathered tor the market.” 
_ Samples of the salt as well as of the mother-liquor were taken 
for analyses, with a view to determining whether it would be possible 
rae Se cay to profitably purify the serie or utilise 
Estimation wt corsted “Mother. the latter for the separation of magnesium 
fiquor’ of the PorbandarSalt-pans. chloride.” Now, it is well known that 
when sea-water is evaporated, gypsum or the hydrous sulphate of lime 
is precipitated as soon as 37 per cent. of the water has been driven off ; 
but that the common salt or chloride of sodium remains in solution 
until .g3 per cent. of water has evaporated. Again, the chloride of 
magnesium being more soluble than common salt, would naturally 
remain in much larger proportion than before in the residual mother- 
liquor ; so that when a sample of the mother-liquor, taken from the 
Porbandar ‘ Salt-pans,’ was analysed*,it was not surprising to find 
that at a specific gravity of 1300, no less than 23.3 per cent. of magnesium 
chloride, equivalent to 48°6 ozs. per gallon, was estimated in the 
sample. It may be recorded that Dr. Ditrmar’s generally accepted esti- 
mation of 10°875 per cent. of magnesium chloride, in normal sea-water, f 
proves that the quantity of that salt in the sample under consideration 
1s unquestionably very high. Unfortunately, however, the insuperable 
difficulty that would be experienced in securing sufficient supplies up 
to standard of the sample, coupled with expensive technical processes and 
outlay for the installation of a costly plant, would render any project for 
the separation of the salt on a commercial scale, extremely hazardous. 
At the parallel of Tunkra, the comparatively low-lying shorelands, 
rise to a maximum height of only 44 feet above the sea-level, about 
ea sii ot the 2 Mule SE. of the village; but the suc- 
Gogetas Garde inna at the Parallel cession of the strata, although in no- 
| wise different in character or kind from 


SSS. 
* By R. E. J. M*Cunty of the Porbandar Cement Works, on 11th February 1916, © 


+ Report of Voyage of the Challenger, * Physics and Chem stry," Vol. 1, 1884. 
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that already noted to prevail on the north, are so deeply developed 
immediately beneath and on the west side of Tunkra, as to become 


commercially important. The compact shelly and sandy Dwaérka — 


flagstones, containing abundant clastic fragments of Gaj limonitic- 
limestone, form unusually thick beds of compact, more or less uniformly 
textured material suitable for general building purposes, but have only 
been sparingly extracted on the WSW. side of the village for local 


-, needs. 
~ Kastward from Tunkra, the Great Salt Marsh is encountered within — 


a mile from the village, and extends for more than 6 miles in an unbroken 


waste, during the dry season, of saliniferous- — 


teva ot ee Senet Salt alluvium to depths of irom a few inches to 

many feet. This alluvium, in a more oF 
less pulverulent condition, if freed from an excess of salt, would instantly 
be converted into an ideal agricultural soil; as demonstrated by the 


fertile stretch of alluvial land eastward of the marsh up to the boundary — 


of the State. A gradual reclamation of the land in this locality by 
natural causes; however, is most unfortunately subject to seasons of 
drought ; and, during the monsoon, to floods, which .prevent the land 
from being cultivated for more than a very few months during each 
year. 
have been recorded in the narrative portion of these reports ; but it 
Suagestions for the Reclamation may here be additionally noted that 
of Land from the Great Sitin ero- Pending the installation of-a comprehen- 
posals. sive system for the conservation of surface 
drainage coupled with irrigation works, much immediate good might 
be done, by the use of a prospecting drill, to sink a few artesian well- 
shafts in the neighbourhoods where water Is most needed during the 
+ season. The enormous discharge of freshwater into this region 
of the Great Salt Marsh has also been fully treated of in the narrative 
reports. 
Farther SE. along the coast-line, at the parallel of Gosa ; while the 
continuity of the Dwarka beds along the seashore remains un- 





the Jess valuable and more distinctly flagg) 
| condition, the blown-sand of sub-recent 
times appears to have invaded the borderland and become sub-aerially 
consolidated around and about the village site to considerable depths, 
giving rise to a thickness of from 6 to Io feet, of a finely-textured grey- 
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Suggestions for the reclamation of this vast tract of country-side | 


broken, although once more reduced toa _ 
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brown, soft stone, closely resembling good miliolite that has undergone 
partial decomposition. This stone has been largely extracted for local 
State use on the 5. side of the village, but is not of sufficient impor- 
tance to be worked for commercial purposes. 

Inland from Gosa, somewhat similar conditions prevail as at the 
parallel of Tunkra ; for the town of Bhad, from which the Bhadar River, 
—the largest and longest watercourse in the Province of Kathiawar,— 
takes its name, lies upon a deep substratum of alluvium which once’ 
formed a part of the Great Salt Marsh, but has risen to its present eleva- 
tion of over 30 feet above the sea level during comparatively recent 
times. The land, for about a couple of miles east of Bhad, to the State- 
boundary is also essentially alluvial but overlies a thin stratum of 
Dwarka Group deposits, which in their turn overlap the bedded-lavas 
of the Deccan-trap. 

During the dry season, Bhad in common with all the neighbouring 
villages, N., 5. and E., suffers severely for a lack of fresh, potable 


water ; for, although the River Bhadar scarcely ever runs dry, its waters 


near by Bhad, and far beyond, are almost briny ; while well-shafts, 
when sunk to the depth of more than 10 feet, also yield brackish water. 
Well-shafts, however, have not hitherto been sunk to greater depths 
than 3u feet or so, and certainly not so deep as to penetrate the bedded- 
lavas : hence it is very likely that an unfailing supply of fresh water 
would be obtained by the sinking of artesian shafts hereabouts. 
Towards the SE. of Gosa, the deposits of consolidated blown-sand 
accumulate to form an eminence overlooking the village of Nawagam 
sibetstne-eoVh | mines 
aeons eee Pea Eatwoen. the swe pina ney ae 
Parallels of Gosa and Navibandar. | Sa - ple 
The upper layers of stone in the small 
pit-quarry are somewhat perforated and resemble the material of a 
similar origin, excavated on a large scale at Chaya; but, at a depth of 
about 12 feet from the surface, the stone changes in character, being 
composed almost entirely of small and comminuted fragments of recent 
shells. 
Between Gosa and Navibandar, a distance of about 4} miles, there 
a decided depression of the shorelands, which slope down from 33 to 
13 and finally to only a foot or two above the sea level on the northern 
side of the great creek into which the River Bhadar flows. The general 
geological structure of this tract of land has been given in detail-in the 
Narrative Reconnaissance Reports ; but it may additionally be observed 
in this place that the flat agricultural patch which extends inland for 
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over a mile and includes the village of Sikdsa to the N. of the mouth 
of the River Bhadar, shows a. deposit of recent alluvium, overlying 
about 3 feet of limy and gravelly conglomerate crowded with the remains 
of recent shells, resting upon a base of compact flagstones of the Dwarka 
Group ; and this succession appears to be continued for more than 5 
miles inland, beneath and beyond the small mud-built town of Garej, 
a trifle over 2 miles from the boundary of the State. The Great Salt 
Marsh at this place moreover becomes abruptly constricted to a narrow 
band of about hali-a-mile in width, along which the bifurcated channel 
of an effluent runs into the mouth of the River Bhddar, } mile ENE. of 
Sikasa, 
At Navibandar ‘itself, the wide creek of the Bhddar, instead of 
affording a good harbour, takes a NW. course, parallel with the shore- 
line and is cut off from the open ocean 
1 Structure of the Dy @ narrow bar of sand-covered rock, 
. from Naviban- ith but a shallow outlet towards its 
central part. The geological structure of 
the coastal borderland from the south of the town for a distance of 
about 15 miles down to the neighbourhood of the village of Pata, con- 
tinues constant, without any appreciable irregularity and may be typi- 
fied by the natural exposures around and about the sea-side town as 
follows -—A strip of sloping beach of variable width is bounded at low- 
water mark by large breakers of compact, hard arenaceous and shelly 
flagstones of the Dwdrka Group; while a considerable space inland 
is covered by sand dunes of variable heights ;—35, 24 and up to 43 
feet above the sea level, respectively, near Navibandar, Balej and 
Pata. | 
Inland, at a mean distance of about 7 mile from the coast, the 
Dwarka Group of beds rises to form a more or less continuous ndge of 
hillocks ; which, in the neighbourhood of Balej and southward are suc- 
ceeded by a subsidiary subparallel ndge, slightly farther inland ; while 
from thence eastward, to the boundary of the State, about 4 miles 
distant, the strata are practically obscured, except at sundry patches 
and inconspicuous elevations, by deposits of alluvium :—vestiges of the 
former bottom of the Great Salt Marsh, which must, at one time, have 
extended over the whole of the southernmost districts of the State, right 
down to Madhavpur and beyond. 
At the parallel of Navibandar, to the south of the River Bhadar, 
the Great Salt Marsh still covers a very considerable area,—practically 
of about 8 square miles of waste ; and this barren tract is prolonged 
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southward by a strip of about 1 mile broad by 5 miles long to the northern 


confines of the town of Bale}. 


The geological structure of the whole of the country-side from Navi- 
bandar to beyond Mddhavpur, and from the coast-line to the inland 
boundaries of the State, has been recorded in detail in the narrative 
portion of these reports ; so that it now only remaims to draw atten- 
tion to a few noteworthy observations made by the way, which 
may eventually turn out to be of either local or general economic 
importance. | | 

Attention has been directed to the conspicuous part taken by the 
blown-sand of the seascape (and the way in which the dunes thus formed 

are held in place by the agency of plants), 

Geological Importance and in preventing an undue devastation of the 
ium tear the Coontel, peraertan ae borderland. It ought therefore 
ec pel oe ee ae to be both interesting and useful to learn 
precisely how and by what means, the land in this part of the Province is 


‘conserved ; and fortunately, a series of typical examples are available 


in the neighbourhood of Navibandar as follows :— 
(i).—Bordering the beach and but seldom more than too yards 
or so inland therefrom, the sand is frequently held firmly together by 
a ae the strong underground stems of the 
ceraed inthe Conservation of | the beautiful purple-belled perennial creeper, 
Ti Ipomea tiloba—the Convolvulus Pes-capre 
of Roxsurcu,—which, by forming a powerful network a few inches 
below the surface, serves to keep the sandy surface practically flat and 
level. Associated with this plant, especially at the edges of the low 
scarp immediately above the beach, may be usually found tufts of the 
strongly rooted wiry grass Halopyrum mucronatum ; and both of these, 
in days of drought, furnish fodder for camels, goats and even sheep 
and kine. 

(#:).—The sand naturally slopes down for a few feet, immediately 
on the leeward side of the lines of growth abovenoted : but is re-arrested 
for from roo to 200 yards or more, by close growths of sedges, chiefly 
of Cyperus stolomiferus, C. rofundus and kindred species, which bind the 
surface of the sand into a succession of miniature mounds and short 
ridges of but a few inches in height, yet quite sufficient to prevent verv 
considerable quantities from being blown much farther inland. 

(ii), Farther inland, most of the remainder of the free sand is 
caught up by small clumps of shrubs, and retained in sife as mounds 
of larger dimensions than those formed by the sedges. From a distance 
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these closely crowded mounds might well be mistaken for a flock of 
sheep. Near Navibandar, they are chiefly produced by growths of 
the rubiaceous plant Hydrophylax maritima sometimes mixed with 
bushes of the ubiquitous wild jujube, Zizyphus nummularia ; while — 
still farther inland, where only a very spare deposit of blown-sand 
remains, it is commonly held together by growths of the acanthaceous = 
herb, Lepidagathis trinervis, At other places, notably near Midni, the 
roches moutonnées appearance of the blown-sand is principally caused 
by close growths of two or three species of Heliotropium—H. ovalifolium — 
and H. indicum being of the most‘common occurrence. ‘ 

(iv) —OQuite local in its distribution, but nevertheless serving 
to bind the surface of the blown-sand very solidly together, over con- 
siderable areas, wherever it once takes root, the common or Barbados — 
Aloe,—Aloe vera —occasionally grows wild upon the dunes of the sea- 
shore, especially approaching Porbandar City and near the village of 
Pata, | 

Sub-aerially consolidated sand of sub-recent and recent formation 
furnishes material for a very large and important but strictly local 

industry in Porbandar State. From the 
c Stone Derived trom Sub-serially lower levels of the slowly elevating beach, 

the loosely porous stone, composed almost — 
entirely of comminuted shells of marine molluscs, held together by a 
variable proportion of secondary lime, is very extensively quarried 
along the sea-shore from Porbandar City north-westward for about 
44 miles to within a stone’s-throw from Khimeshwar Temple near 
Kunchri; while although similar material unquestionably exists, in 
the same horizon, all along the coast-line, it has only occasionally been 
excavated and utilised at other places, on a subordinate scale ;—as at 
Mithi Khan near Chaya, on the SW. side of Chingaria, and about 200 
yards SSW. of Pata. 

When, however, the finer particles of sand* are wafted inshore by 
the sea-breezes to form a succession of dunes, and the latter gradually 
: come to assume more or less inland sites, 
ee ee ae frequently happens, according to the 

age of the structure, that either its lower- 

most layers or the entire fabric from base to summit becomes transformed 
into more or less compact stone ;—and nearly always of a tolerably 
fine texture, Numerous examples of these sub-aerially consolidated 
* Not necessarily grains of quartz, but composed mainly of calcareous organic 
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blown-sands are to be met with along the region of the coastal borderland 


of Porbandar State, and have been duly registered in their proper places 


in the pages of the Narrative Reports. A few of the more commercially 


_ valuable of these may nevertheless be grouped together in this summary 


in the order of their importance as follows : (i).—Chdya-stone, directly 
overlying the beds of hard, sandy and shelly limestones of the Dwarka 
Group; very deeply quarried for building-blocks, about 2} miles SE. 
of Porbandar City. (ii).—Madhavpur-stone, extensively quarried for 
local use only, in the neighbourhood of the sea-side town, from the 
ancient consolidated sand-dunes there situated. (iii)—-Gosa and Nawa- 
gam-stone, desultorily extracted for State use. (iv)—Other minor sites 
only occasionally drawn upon at Adodar and Pata. None of these, 
with the exception perhaps of the most compact variety of the Chaya- 
stone, are sufficiently useful for building purposes to justify more than 
strictly local cartage expenses. 
Finally, with reference to the southern districts of the State, namely, 
from Porbandar City to Madhavpur the problem of how to supply 
| ee i high-grade materials for road-ma king, at 
ricts of Porbandar smal! initial cost, is an unusually difficult 
one to solve. Forthe City itself, an 
abundant supply of the highest possible grades. of road-metals is 
fortunately available at reasonable rates, by means of existing railroad 
facilities from the main quarry sites near Ranawao. The northern 
districts of the State, if not quite so advantageously situated, can 
nevertheless be fairly well catered for from a few tolerably large and 
far-reaching volcanic dykes and some of the more compact bedded- 
lavas through which the dykes are thrust ; but the southern moiety of 
the State, with the exception of its remote north-eastern portion does 
not contain any material harder or more durable than sundry zones 
of highly arenaceous limestones of the Dwarka Group, which, of course, 
rank quite low in the attrition-test scale of road-making stones. 
Obviously, the highest-grades of macadamising material would, 
in the long run,also be the cheapest that could be used ; but, in order to. 
minimise immediate transport expenses, the next best thing that could 
be done would be to utilise the most durable of local materials, These 
comprise :(i)—The hard and compact varieties of arenaceous + and 
shelly Dwirka-Group liméstones, miscalled Ad/d-pand or “ black-stone,” 
which occurs in the form of large blocks or breakers at low-tide-mark 
all along the coast-line, and is re-exposed at a mean distance of about 
2 furlongs inland in positions suitable for excavation. (i%)—Another 
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FINAL QUARTERLY REPORT 


ON . 
THE ECONOMIC GEOLOGY OF PORBANDAR STATE 
BY 


E. HOWARD ADYE, F.G.S., etc. 


Director, Geological Survey of Porbandar State. 





March, April and May, 1916. 


) EFERRING BACK to the oldest rocks encountered in Porbandar 

State, namely, the Earlier Eruptives or Bedded-lavas of the 

| Deccan-Trap Period,* the approximate 

Ee Rocks Im <ituation of the areas‘characterised by their 

outcrops, is shown upon the geological 

chart accompanying this report, by a flat green tint; while the dykes 

belonging to the same series as well as those pertaining to the later 
period of volcanic activity are indicated by long red lines to mark their _ 

courses across the countryside. 


There can be no room for doubt that the bedded-lavas of Porbandar 
State, in common with their counterparts covering by far the 
largest portion of the Province of Ka- 
= velpaen eat of Porbandar th idwar, were formed by successive effusions 
) of molten matter from numerous elongated _ 
yents or fissures in the earth's crust,t and that their history dates back 
fo Cretaceo-Eocene times ;} but, as the principal problems which call 
for consideration in this connection are concerned with matters of com- 
mercial importance rather than of scientific interest, it must at present 
suffice to afford a brief description of the general structure and mode 
of occurrence of these lava-flows for the guidance of prospectors in quest 
of economic products. 








* Dienpra, pp. 18, 20. 

+ “Memoir on the Economic Geology of Navinagar State,” by E. Howarp 
Apye, Bombay, 1914, pp. 26, 27. 

+ Op. cil, pp. 51, 53. 
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Each consolidated bed of lava, which may vary from less than 
six to ten fect as a rule, but sometimes reaches to as much as from fifteen 
to twenty feet in thickness, may be roughly 
Bedded-Lava Zones. divided into three zones, which ri 
pass insensibly into one another, viz. — 
An upper, exposed or superficial layer of inconsiderable thickness, 
characterised by a rough crust, frequently bearing volcanic ashes, ejec- 
tamenta or scoriz, and therefore called the scoriaceous tone; but also 
holding innumerable steam-created vesicles, and hence, likewise known 
as the vesicular zone. These vesicles usually assume elongated shapes 
by reason of congelation during the flow of the still molten mass, and 
become more or less almond-shaped ; so that when they are afterwards 
filled or partially filled with secondary products, the lava is said to be 
amygdalowdal.* The contents of these vesicles, or amygdales, may be 
derived by infiltration from without or by internal segregative changes ; 
and by reason of their varied composition, colours, contours and distri- 
bution in the substance of the rock, frequently endow the latter with 
an ormamental character. 


Although no ‘hard and fast" rules can be laid down about the 
Shapes, sizes and arrangement of amygdales in lava-flows, it may be 
stated that while the most superficial 
portions of the amygdaloidal zone usually 
exhibit almond-shaped vesicles, the latter 
generally show a tendency to become quite spherical a trifle deeper 
down ; and, upon approaching the lower or compact zone, assume al- 
together irregular shapes and are less frequently formed. When the 
amygdales exceed an ordinary almond in size, they are commonly called 
geodes ;{ and geodes which occupy larger spaces than those likely to 
have been produced by steam, may frequently assume gigantic dimen- 
sions within these lava-flows of the Deccan-Trap Period. 

Both amygdales and geodes, necessarily vary very much in com- 
position, but the commonest kinds that are met with in the bedded 
lavas of Porbandar State and the Province 
of Kathiawdr generally, consist of aggre- 
gated crystals of zeolite (natrolite or 
mesolite) or of purely siliceous matter such as chalcedony and quartz 
Less frequently, calcite may predominate ; and sometimes, tolerably 
"© From the Greek amygdalos, an almond, and cides, like. SOOO 

¢{ From the Greek goiodes, earthy. 


Amygdales and Geodes. © 


Variations in Composition of 
Amygdales, 


‘ : eS 
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PLATE AAAI. 





Regd. No. 35.—Fig. 35.—Typical Highest-Grade of 
Miliolite-Limestone, 


Ranawao Quarries, Adatiana Heights, Barda Hills. 
Magnified 20 Diameters. 


From a huge block, which was exhibited to H. E, Lonp LAMINGTON, as the highest- 
grade of ‘Porbandar-Stone. The clastic units are of approximately 
uniform sizes,—from i, to 4, inch, and are cemented together by a very 
fine mosaic of water-clear secondary calcite, F.—Foraminifera of both 
littoral and pelagic habit :—Ao/alide, Globigeriaide, bot only a few 

Miliatidae. ML—Fragment of shells of Mollasca, mostly recalcihed, bart 

sometimes exhibiting histological structure. E.—Bits of calcified arcolar 

tissue and spines of Achinoidea. G—A green internal cast or pseudomorph 
of glauconite. @.—Placed below an angular minute fragment of clear 
quartz, of which there are comparatiy cly few. §.—Empty spaces from 


which particles have dropped out during the processes of preparation, 
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large & | 
are usually coated with thin crusts of either green or red silicide of iron , 
and in those instances where the amygdales are of small sizes, (4 to } 
‘ach in diameter), approximately spherical shapes and closely crowded 
in the matrix of the lava, the stone becomes more or less 
Ornamental amygdaloids naturally present a black, blue-black 

or dark-grey ground-mass when in a perfectly fresh and unaltered con- 
dition ; but when subjected to sunbaking 

Ornamental Amygdaloids. incipient laterisation or thermal meta 
morphism, by the contact of subsequent 

lava-flows or the intrusion of dykes and sheets, their beauty becomes 
greatly enhanced by the changes in colour of the lava-matrix to purple, 
brown, maroon and deep red hues. Unfortunately this . alteration 
accompanied by am increase of hardness, does not extend very deeply 
into the substance of the stone ; but there are nevertheless many local 
instances where considerable quantities of highly ornamental material, 
are available in sufficiently large blocks and slabs to meet the wants 


of craftsmen and manufacturers of ornamental goods, such as mantel- 


pieces, small table-tops, caskets, vases, clock-cases and the like. 


Amygdaloidal lavas, by reason of their structure, cannot withstand 
severe stress or impacts to the same degree as material from the compact 


or non-amygdaloidal zone of bedded-lavas, 


Medel of AmygdaloidalLave = on4 are therefore unsuitable for building 
or road-making purposes. Water miore- 
over percolates more or less freely through the generality of amygdaloidal 
lavas, to be arrested and collect underground by the succeeding zone 
of practically impervious or compact lava. 
The middle or compact zone of a lava bed, usually attains to much 
greater thickness than the upper or amygdaloidal region. It may take 
, on the character of a finely textured, 
Hite cert Compact Zone -charingly porphyritic basalt of black, 
blue-black or deep grey colour, except 
when laid bare by denudation and subjected to monsoon conditions 
alternating with sunbaking. Under such circumstances the mass of 
the rock may become changed in both colour and consistency ;—some- 
times softened and partially or wholly laterised; at other times very 
sensibly hardened and altered to various hues of grey, brown, purple 
or red. 


eodes of moss-agate may occur. These amygdales and geodes — 


a 
| 


' 
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From the compact zone, which generally oad canes jointing 
and spheroidal shrinkages, very large and sound blocks of stone can 
usually be obtained by blasting, and when ~ 
© ERETRISUEN EIST these are largely. porphyritic, may’ fre 
' quently rank as ornamental stones ; while 
the non-porphyritic varieties, although not so enduring, tough and 
strong as the hypabyssal granophyres and diabases are yet sufficiently 
good to command attention for use in building the piers of bridges, 
as curbstones and copings, for paving-setts and as reliable road-metal. 


The third or lowermost zone of the lava-bed is not always present. 

Its typical development consists of a comparatively thin zone, seldom 

The Lowermost Zone of Beddea. “XCCCding six inches in thickness and 

Loaves with Vertical Stem-lke consisting of a finely textured basalt 

Amyitales, traversed vertically by branched or simple 

stem-like amygdales, caused by the molten lava passing over a cold 

surface, 50 that jets of steam are ejected upward into the flowing mass, 

and the latter rapidly solidifying, results in this peculiar style-of vesi- 

cular structure, which subsequently becomes amygdaloidal by secondary 

. infiltrations. 

These bedded-lavas of Cretaceous Age are the representatives 

of the oldest rocks that are laid bare by denudation in Porbandar State - 

they are indicated on the coloured chart 

Sect Bera ei p riley by a flat green tint, and physiographically 

are present in the form of wide rock- 

plains diversified at intervals by isolated but more frequently by ranges 
of more or less terraced hills of the so-called " hog-backed "type. 

At the dawn of the Eocene Epoch, the concentration of volcanic 

activity at foci located at the present site of the Barda Group of hills, 

must have been effectual in shattering the bedded-lavas at that locality 

and of forming a stupendous mountain of stone, By subsequent denu- 

dation the mountain mass must have been shorn to its very base, leaving 

the present eminences of hypabyssal rocks bare, and buttressed at their 
boundaries by the older bedded-lavas through which they were thrust. 

It is worthy of remark in this place, that in the immediate neigh- 

‘ bourhood of the hypabyssal formations at the base of the Barda Hills, 

| the bedded-lavas have become indurated 

ae > yal bedkaoer reggae 'Y to a marked degree and often.show rare 

| | and peculiarly metamorphosed minerals 

and alteration products. These phenomena are strikingly exemplified 








Regd. No. 19.—Fig. 34.- ~Concretionary Milioliiic Lime 
Invading Underlying Upper Dwarka 
Foraminiferal Limestone. 

Half-a-mile from Porbandar Creek on Highway-side to Ranawao. 
Resolved by WATSON & Sons’ § inch Objective, 0°94 Numerical Aperture. 
Amplified 50 Diameters. 


Mfatrix of amorphous, concrelionary, infiltered lime, L, derived by solution from 
former overlying miliolite, F.—Recalcified tests of rotaloid Foraminifera, 
surrounded byt narrow zones of clear recrystallised calcite. M.— Recalci- 
fed relics of shells of Mollesea, In other parts of the same Section scm 
of these show histological structure, Q.—Angular minute fragments ol 
water-clear quartz, one of which, Q, bears endomorphs of zircon. The 
entire mass is irregularly stained pink-brown with ferric hydrate. 





“* Dyke Rocks 8s 
in the rocks registered as Nos. 542 and 543, which were taken from a 
newly sunk well-shaft 1} miles NE. by NNE. of the sequestered 
village of Asiapdt at the eastern base of the Barda Hills. 


Cutting through the bedded-lavas on the westward aspect of the 


Barda Hills, there are many intrusions of dykes, especially in the neigh- 


| bourhood of Nagka, of light or acid volcanic 
a ome Dyke- rocks called rhyolites, some of which 
are prettily banded; while others have 
consolidated into black and dark brown intrusions of glassy texture 
known as obsidians. These dykes are invariably confined to the 
region at or near by the base of the hills, and are assigned to an early 
period of the final phase of eruption from the Barda focus or foci. They 
yield excellent building blocks and smaller ornamental stones, which, 
however, have not hitherto beén utilised in any way, but are never- 
theless well worthy of exploitation by reason of their pleasing hues of 
cool greys, browns, and fawnc olours and the comparative ease with 
which they can be extracted and tooled. 


In contradistinction to the rhyolites come the dykes of dense black 
basalt of excessively fine texture and frequently of gigantic dimensions, 
which traverse the countryside from their 
ee eee a foci of eruption in the Barda group of 
hills often for many miles above and 
underground ; the former being indicated on the coloured chart by thin 
red lines. Like the rhyolites these must have been intruded during 
the final phases of eruption in Eocene times immediately succeeding the 
extrusion of the acid volcanics, They yield an abundance of intensely 
hard shingle suitable for road-metal, second only in enduring properties 
to the best of granophyres. 
Prolonged denudation must have followed the cessation of volcanic 


activity, and there are evidences to show that a subsequent submergence 
of the southern and south-western bor- 


Locale of the Gaj, (Miocene), derland of the Province must have taken 
pete place in Tertiary times, for deposits of 


Gaj (Miocene) strata abounding in characteristic fossil remains, are 
to be found directly overlying the igneous rocks of the Deccan-Trap 
Period, right up from the coast line to the base of the Barda group of 
hills in Porbandar State. 

15 
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There does not appear to be a very wide break in succession between 


_ these Gdj rocks, which are mostly of the nature of yellow, limonitic 


fossiliferous limestones and martls, and 
TheGaj and Dwerka Groupsef the succeeding or overlying Dwarka Group 
ssid of beds ; but it is clear that a period of 
clevation and then of subsidence must have supervened, presumably 
during the latter days of the Tertiary Age, to account for the differences 
in lithological character and fossil contents of the two groups of Gay 
and Dwirka beds; while the latter evidently went on accumulating 
uninterruptedly right into the Pléistocene Period. 

The Gaj Group of beds yield a few excellent ornamental stone, 
the most noteworthy of which occurring in merchantable quantities 

Economie Products from the have been named by the writer after 
Gaj Beds, Pindaralite and Bhar- their principal localities, Pindaralite (in 
warallte. Navanagar), and Bharwandlite from the 
vicinity of Bharwara in Porbandar State. The first of these has been 
sparingly employed for local buildings and as an ornamental stone 
in the Palace of H. H. THe MAHARAJA JAM SAHEBR OF NAVA- 
AGAR; While the second, an apparently homogenous stone of a rich 
cinnamon hue, has not yet been utilised in any Way. 

Of the Dwarka Group of beds, which in Porbandar State attain 
to quite an insignificant total thickness of strata, many important 
areas of building materials are available on account of the widespread 

occurrence of the beds thickly along the 
ee emule. from the baal of fie coastal borderland and thin- 
i sc ning down to nil right up to the base of 
the Barda Group hills at Adatiina, Randawao and even far beyond. 

The base of the series, resting conformably on the Gaj limomitic 
limestone, and well exposed in the neighbourhood of Degam 1s con- 
the Base of the Dwarka Group stituted by a coarse conglomerate largely 
of Beds, Konchri and Degam- composed of the valves of lamellibran- 
stones. chiate shells. This may or may not be 
overlaid by a compactly textured white to pink foraminiferal limestone 
capped by thinly laminated alternately coarse and fine layers. The 
former may be seen in typical development on the bed of Visawira 
Creek-mouth and in well-cshafts at Sirinagar ; while the latter furnishes 
the bulk of the enormous output of what are commercially known a5 
Kunchri and-Degam stones respectively, so largely used for the found- 

ations of buildings in Porbandar City. 





PLATE XXXII. 





Regd. No. 98.—Fig. 35.—Incipient Spherulitic Felsite. 


Summit of Bhatwari Dhar, Barda Hills. 


Res ame bey Watson & SUNS: 14 mich Obectiv, om el Namericad A perturts 


Amplified 15 Diameters. 


development. S.— Sub- 


Cryptocrystalline felsitic ground-magss, G, in subordinate 
The elongated sections 


longitudinal and oblique sections of snnidime. 
a hears multiple twinning between crossed nicols. A. Sub-idiomor phic 


reer crystals of AUPE, A’.=-Incipient ereen spicular crystals itl Agile 


A°—"ndigo-coloured, moniliorm, 
E.—Honey-yellow abnormal epidote, 


radiating imnichites ctl pyroxene. MM. 


Opague black magnet ite, 
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The Kunchri-stone is much discoloured, and more fissile than the 
Degdm-stone, but it is harder by reason of its mode of xccurrence, being 
quite superficial and only 2 or 3 feet in 

Attributes and uses ot Kunchri thickness, so that the bulk of the material 
gets hardened by sunbaking. Degam- 

stone, on the other hand, while belonging to the same horizon, is develop- 
ed more deeply from the surface, down to as much and sometimes more 
than ro feet. It is of a white colour tinged with laminz of pink, and 
not so fissile as its Kunchri counterpart. Both varieties are available 
in slabs and blocks of large sizes, and when laid with the lamination 





in a horizontal position are accounted to be very strong and capable 


of withstanding enormous stress and crushing force, so that they are in 
universal local demand for foundations, but being of coarse texture 
and inferior quality cannot realise prices to cover the charges for freight 
to foreign ports. 


Under the microscope both Kunchri and Degim stones cannot 

be readily distinguished from the later-formed mniliolite-limestones, 
ne ae and all of them probably belong to the 

under the sieaaeeney Plesitocene Period of the geological 


Overlying the Kunchri and Degdm stones in other localities and 

probably contemporary with them comes an inconsiderable thickness 

f very variable beds of a hard and 

écanermeas yc Suna ofthe tough limestone which the writer has 

named ‘ Consolidated Shell-sand." This 

material occurs in finest development along the coastal borderland 

of Porbandar State and gradually tails down to nil inland as far as the 

base of the Barda Group of hills ; being detectable far beyond the town 

of Ranawao on the surface of the highway-side approaching and beyond 
Virpur. 


Consolidated Shell-sand is clearly the relic of a former beach probably 
belonging to the Dwarka Group of beds. It occurs mostly im the form 
of slabs from 2 to 6 inches in thickness; but along the shore at low- 
water mark and notably at the village of Tunkra and beyond, to as 
far as the town of Navibandar can be extracted in blocks of large di- 
mensions ranging from6inches to a little more than 2 feet in 
thickness. 
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Sufficient material is available to make the Consolidated Shell-sand, 

a lasting commercial-asset but it is prone to vary very greatly in texture 

| and physical properties, even in the same 

ryrigemrly of the Consolidated Guarry site, from a very coarse mass im 

which large shells and big pebbles can 

be clearly discerned without artificial aid, to a very compact rock com- 

posed of finely comminuted shells, entire tests of polythalamous fora- 

minifers, minute quartz grains and equally small and well-rounded 

fragments of previously formed Gaj limonitic limestone, all firmly bound 

together by a matrix of secondary or ré-crystallised calcite, usually in 
the form of water-clear mosaics. 


At Tunkra, the matrix of calcite is differentiated into radiating 

fibres, which endows thin sections when viewed under the microscope 

Unique Variety of Consolidated with quite a unique and exceedingly 
Shell-sand[at Tunkra. beautiful appearance. 


These raised-beaches of consolidated shell-sand frequently yield 
large slabs and even goodly-sized blocks of very compact greyish-white 
stone of such fine texture that they admit 
| dahon hae usesof 4f being polished and when struck by a 
hammer on a thin edge, ning with the 
clang of a metallic bell. Such specimens could, of course, be profitably 
utilised for the manufacture of a large variety of useful and ornamental 
wares, such as table-tops, clock-cases and the like: but the maternal 
whether coarse or fine is deserving of more extended use for the erection 
of dwelling-houses, especially at the sea-side by reason’ of being practically 
unaffected by salt spray, probably on account of its origin along the 
littoral of the sea. 

In patches along the coastal borderland, and indiscriminately 
covering all the older formed rocks which were exposed by denudation 
during the period of its deposition in later 
Pleistocene days, come the undenuded 
remains of the best known of merchantable 
stone known as ‘ Porbandar-stone’ or Miliolite-limestone, which fills 
up every place of vantage throughout the length and breadth ‘of the 
Province, and leaves its line of limitation on the hill-sides, to prove 
that the whole of the country was submerged with the exception of its 
loftiest hill-tops. The mean limestone limit in Porbandar may be given 
roughly at 300 feet above the sea-level. 


Distribution of ‘Porbandar stone’ 


PLATE XAAAILV. 





Regd. No. 98.—Fig. 3$6.—Incipient Spherulitic Felsite. 


Summit of Bhatwarl Dhar, Barda Hills. 
Resalmed py Watsons & SxS. 4 tect Obpectite, Ot Namericat A perty Fis 


Amplified 50 Diameters. 


No well-developed ground-mass is shown in this field of view. §.—Transverse 
eer tiotis of colourless aan blaine, full il invlus1ons, A.—Idiemorphic 
crystals of green augite, A'.—Incipient spicular crystals of green 
augite of a second generation. A°.—Moniliform radiating, indigo-colour- 
ec irichites of prroxcne, a pura Lan py thee formation ini spherulites, 
M.—Opaque black magnetite. E.—Monoclinic honey-yellow abnorma| 


epadote. G.—Cryptocrystalline felsite or gt CHT ATS 
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The succession of rocks in the region of the Barda Group of hills 
may be best elucidated by referring to the diagram on Plate XXA. 
aie eae It will there be seen at a glance that the 
Region of the Bards Group of mountain-massive of felsites prano- 
= phyres thrust through the previously form- 
ed bedded-lavas of the Deccan-trap Period and buttressed at its base 
by the latter, is eroded to form deep gorges and a more or less definite 
and continuous cradle at the foot of the formation. The plain below, 
which stretches westward to the sea-coast, is covered by irregular patches 
of Gaj limonitic-limestones and conglomerates overlaid by an appreciable 
deposit of Dwirka-beds shell-sand, and capped every here and there 
by varying thicknesses of miliolite-limestone :—The latter attaining 
to its maximal development, sporadically, along the basal cradle of the 
hills and their numerous gorges. The limestone line of limitation in this 
region ceases abruptly at an average of about 300 feet above the level 
of the sea. 


ee 


PETROGRAPHICAL DETERMINATIONS. 
Leading Phyla of the Economic Building and Ornamental Stones 
of Porbandar State. 
PHYLUM A.—MILIOLITE-LIMESTONE. 

- ORE THAN HALF-A-CENTURY has elapsed since this valuable 
building stone was first exploited on a commercial scale 
and exported from Porbandar to the markets of Peninsular India. It 
eel a _ ‘has consequently acquired the appropriate 

cs Typ ws of Bail ng ones . ’ ! 
Miliolite-imestone or ‘ Porbandar trade designation of * Porbandar-Stone’ 
Stone irrespective of the localities from which 





supplies have been drawn. 

By virtue of its intrinsic merits, and being still available, at its 
best, from the original extensive quarry-sites on the Adatidna Heights 
near Randwao, the material continues to command, and is therefore 
now accorded a premier place in these pages. . 

The many localities where merchantable miliolite has been found 
available, its geological age, mode of occurrence, physical pro- 
perties, chemical composition, numerous varieties, commercial grades 
and qualities, microscopic structure, specific uses, and the alterations 
which it undergoes, have one and all been sufficiently treated of in the 
foregoing pages and may be severally referred to by consulting the 
‘Table of Contents’ and Index to this volume. 





PLATE AAAYV. 





Regd. No. 538.— Fig. 37.—Spherulitic Felsite. 


Krishna Jhar, 1 mile NNE. of Summit of Babia Dungar, Barda Hills. 
Resalved Ay WW 4, To ik Soxs | k yah Ht Obecline , im” | in Namerical ad iF yrs fi Fes 


Amplified 15 Dia meters. 


In this sunbaked, ornamental stone, the ground-Mass 14 of a dual character :—G.— 
Comparatively coarse, and, G', almost uliramicroscopic intexture. 5S.— 
Large, idiomorphic, twinned crystal of sanidine, showing rectangular 
eeticulations, and forming the nucleus of a large spherulite. Sp.— 
Radiating fibrils of the spherulites. #4 trifle of decayed small crystals ol 
magnetite and int ipient spicules of green pyroxene may be detected 
with higher powers in the more finely textured areas of the ground-mass, 


E.—Empty spaces. 





In order, however, to convey a correct and more vivid impression 
of the intimate structure of the stone, the sizes, condition and corre- 
lation of its clastic units, the aspect and true nature of its binding matrix 
(upon each and all of which collectively the economic value of samples 


depends), it will be necessary to supplement an accurate pictorial illus-_ , 


tration : and this therefore is here afforded by Fig. 33. Plate XXXI, 
accompanied ‘by its explanatory text. 


It has already been recorded, that the miliolite deposits invariably . 


differ in texture and the sizes and nature of their clastic units, both verti- 
| cally and horizontally,* and it has been 
ecm ns and Com- found that the vertical variations are 
always the most pronounced. Thus, in 
the large apen quarries on the Adatidna Heights, the coarsely 
textured superficial beds pass insensibly downward to a more or less 
finely textured stone of the best grade; and it 15 according to the 
thickness of these superior beds that the quarry site is esteemed by 
the quarry contractors. At an average depth of about 30 feet from 
the surface, the rock grows hard and increasingly gritty from the 
presence of particles of the mountain-massive (felsites and grano- 
phyres), upon which the limestone was deposited. 
Evidences in the field go to show, that the sedimentation of the 
miliolites must have taken place during the Pleistocene Period long 
after the final strata of the Dwarka Group 


duis tex Wstoceun ReLkA, of beds had been formed, elevated and 





to point to the circumstance, that, previous to the general subsidence 
of the best part of the Province, atmospheric agencies had been active 
in the unequal wearing-down of the then existing rocks to expose a 


very varied surface, viz., bedded-lavas and dyke-rocks, laterites, felsites . 


and granophyres, Gaj conglomerates and limestones, and Dwarka lime- 
stones, conglomerates, and flagstones of consolidated shell-sand. 

Upon each and every one of these, the miliolite must have been 
impartially deposited, mainly as a littoral-marine, but also as a tolerably 


deep-sea accumulation. In the former 


Littoral as well as Deep-sea instance, coarse and fine conglomerates 

Origin of the Millolites. constitute the basement beds of the milio- 
lites, containing: rounded and sometimes 

angular fragments of the underlying and subjacent rocks, and organic 
* Ut supra, p. 1S. aS tt SS te es ee 





denuded ; and overwhelming proofs exist . 





7% 
- 
- 


Sere 


Ake as 


. 
= 


. 


Pie a! 
pe 


ie 
2 me! ees 


92 _ . Economic GEoLocy oF PorrANDAR STATE 


remains of littoral animals and plants,—Foraminifera, Bryozoa, echino- 
derm tests and spines, shells of molluscs, nullipores, etc. In the latter, 
there is little if any conglomerate of any kind in the lowermost beds of 


‘the miliolite, which rests directly upon the underlying rock, and is 


composed principally of finely comminuted shells of molluscs, angular 
specks of quartz and other minerals, and many tests of both’ pelagic and 
deep sea Foraminifera such as of the genera Globigerina, Textularia, 
Pulvinulina, and, occasionally only, of Miliolina, while the nullipore, 
Lithothamnion and Bryotoaremains are rarely present. All of these, 
as usual, are bound firmly together by a fine mosaic of secondary water- 
clear calcite. 
Miliolite basement-beds accordingly proclaim the kind of rocks upon 
which they were deposited as well as of rocks which happened to exist 
in the immediate neighbourhood: and 
Miliollte Basement-bods. this frequently gives birth to many varieties 
of the stone, which are prone to be puzzling 
unless examined in relation to their surroundings in the field or placed 
as thin sections under the microscope in the laboratory. Of such a 
nature is the miliolite of a deep, purple-red colour, which, registered 
as No. 248, was, with a coarse, shelly conglomerate,—No. 247,—found 
overlying a cap of laterite, 2 miles SSW. of Wadala. In these instances, 
both the conglomerate and miliolite have simply been heavily indued 
with ferric hydrate stain from the adjoining and subjacent laterite. 
Again, the basement-beds of mniliolite, whether conglomeratic or 
not, frequently assume a concretionary character, due to the solution 
of its limy constituents by carbonated 
Coneretionary Character of M™eteoric waters, and the re-deposition 
ite Basement-beds. of the lime at lower levels, Frequently, 
the underlying beds, that are subjected 
to such infiltrations, consist of Dwdirka Group foraminiferal limestones 
in which only vestiges of the organic units can be detected in a 
thoroughly recalcified condition embedded in a matrix of ultra- 
microscopic, particles of lime, usually stained with ferric hydrate and 
also enclosing numerous angular grains of water-clear quartz. 
Good examples of rocks thus partially derived from overlying 
miliolites, by solution and re-deposition of amorphous lime, in concre- 
Examples of Coneretionary ‘lOnary form are present at the surface 
Millolite Basement-beds. in very many parts of the State. notably 
by the side of the Railway-cutting, about 1 mile ENE. of Randwio 


PLATE AAAVI. 





Regd. No. 34.— Fig. 38.— Spherulitic Felsite. 


Alongside Railway-siding, near “Navri"™ Miliolite Quarry No. 62. 
Adatiana Heights, Barda Hills. 
Resoloed by Watson & SONS’ 1 inch Objective, o'21 Numerical Aperture. 


Amplified 30 Diameters. 


This piclure portrays a more advanced phase im the differentiation of felsites than 
either Fig. 5, Plate IV or Fig. 37; Plate XXXV. G.—Ground-mass of 
eryptocryst alline felsite. §.— Sub-idiomorphic section of twinned crystal 
of sanidine, S'.—Fragment of clear colourless sanidine. O.— Brown, 
faltered), orthoclase showing rectangular reticulations. B.—Radiating 
fibrils of spherulites ;—orthoclase, quartz and pyroxene. A.— Elongated 
idiomorphic crystal of green augite, intergrown with laths of sanidine in 
ophitic fashion, A’.—Incipient spicular green augite, M.—Magnetite. 
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_ Station, and about } mile from the bridged Creek at Porbandar City on 
_ the highway to Ranawio, where, by reason of its hardness, toughness 
and compact texture, the material has been largely extracted for road- 
metal, The intimate structure of this stone, which is thus possessed 
of scientific interest, is well shown by the photomicrographic picture, 
Fig. 34, Plate XXXII. 


Reep. No. 415.—The small hillock called Chirora-ka-Tobra, which, 

during the monsoons, forms an islet rising to the height of 56 feet above 

? the sea level, furnishes a much-decayed 

Avance Millolite ef Chirora-ka- \oriety of limestone closely resembling 
the miliolites. 


Under the microscope, the clastic units appear to bé of tolerably 
uniform sizes, ranging from <*, to ;4, mch across. They comprise:— 
(t)—Numerous well-rounded particles, heavily stained with yellowish- 
brown-red ferric hydrate, but so altered as to have lost all traces of 
organic or other structure. (II).—Recognisable tests of Foraminifera, 
chiefly rotaliform, and also belonging to the family Textularide. 
(I11).—Slightly elongated chips of the shells of molluscs, (IV).—Bits 
of the calcified areolar tissues and spines of echinoids. (V).—Subordi- 
nate angular grains of colourless quartz of minute dimensions,—,",, 
to 4, inch across. The cementing matrix consists of an excessively 
fine mosaic of colourless calcite, the granules of which rarely exceed jy, 
inch in diameter. 


PHYLUM B.—HYPABYSSAL ROCKS. 


TEXT IN COMMERCIAL IMPORTANCE to the miliolite-limestones of 
Porbandar State, come its hypabyssal rocks of probably Eocene 
Age, which have since been exposed by 
denudation to form the Barda Group of 
hills and its numerous spurs and outliers. 


State, 


Up to the present time, no serious effort has been made to exploit 
or utilise the rich variety of these incomparably valuable building and 
ornamental stones, in spite of the fact that progressive engineers, archi- 
tects and builders and contractors throughout India, have, for many 
years, been clamouring in vain for high-grade road-metals, paving-setts 
curbs and copings, and building-blocks capable of resisting severe crush- 
ing force to meet the requirements of docks, harbours and embankments. 
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Porbandar port j is peduliadis well situated for supplying, at a mini- 
mum of cost, all the stone markets of India with just the materials wanted 
by reason of its proximity to numerous 
practically inexhaustible quarryable sites 
for felsites and granophyres in almost every stage of development, and 
calculated to meet the most exacting wants. The granophyres, a5 a 
rule, constitute the bulk of the central portion of the mountain-massive ; 
while the felsites are usually to be found forming its many spurs and 
outhers, 
Ample information has already been recorded in the pages of these 
reports concerning the mode of occurrence, general properties and uses 
of these stones, average samples of which 
Seray aeveata eg eter have been chemically analysed, specially 
Barda Hills. for this report, by Mr. R. E, J. M’Cuiry 
of THe Inpran CEMENT Co., Liwitep, as 
follows :— 


Felsites and Granophyres. 


ANALYTICAL TABLE OF Barpa Hitis Rocks. 
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This table of chemical analyses, is in strict accordance with the 
determination of the constituent minerals revealed by examination of 
thin sections under the microscope, with ordinary transmitted and 
polarised light; so that the optical analyses of the samples, and their 
correct designations may now be recorded for the first time as 
hereunder :— 


Felsites and granophyres are the names which will here be employed 


PLATE XXXVI]. 





Regd. No. 54.—Fig. 39.—Spherulitic Felsite. 


Same site as that of Fig. 38. Adatiana Heights, Barda Hills. 


Kesolved by WATSON & Sons’ | tech Objective, o'34 Numerical Aperture. 
Amplified 50 Diameters. 


To display the intimate structure of the centre of a well-developed spkerulite. S. 
Ldhiomorphic hexagonal section of a carlsbad twin of colourless sanidine, 
Which gives straight extinction, exhibits an upper zoned border, Z, of 
secondary refringent products, and traces of multiple twinning between 
crossed nicols, This crystal forms the nucleus of a spherulite. A",— 
Radiating hbmls, here principally of the nature of indigo-coloured trichites 
al pyroxene mingled with fibrils of felspar and quartz to conslitute the 
substance of the spherulite. E.—Honey-yellow crystal of abnormal 


epidote after muerte. 
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to indicate the extremes of the type now under consideration. The 
: _ former consist essentially of an obscure 
QotieaAnatysesot Felstes end Gr Gryptocrystalline intergrowth of 
} felspar and quartz, and appear to be 
homogeneous throughout when viewed by natural transmitted light 


under the microscope; but, when polarised light 1 brought to bear 


upon the thin sections, the two minerals can be readily distinguished 
in form of allotriomorphic, irregular, minute areas, separable by the 
slight differences exhibited by their intérference tints when the nicols 
are crossed and the section rotated. 
Accessory minerals such as incipient microscopic grains and laths 
of greenish pyroxene and more or less well developed microlites and 
crystals of magnetic iron-ore are usually 
Dae ets dasa oresent, and serve to endow the stone, 
Constituents. with its characteristic colour. Thus, 
when the tock contains a superabundance 
of magnetite in a perfectly fresh condition, it assumes 4 dark, and some- 
times almost jet-black colour; while the paucity of the iron-ore may 
be gauged by its many shades, ranging from white to greys. Again, 
when the iron-ore and less frequently, the accessory pyroxene undergo 
alterations by epigene reactions, such as oxidation and alternate sun- 
baking and monsoon conditions, the originally black, whitish or grey 
felsite assumes various hues of yellowish-brown, brown, fawn, red and 
purple ; and, without deterioration in hardness and other, physical pro- 
perties, the stone becomes distinctly ornamental, 
Chemically, the felsites do not differ from the granophyres, but 
they are distinctly vitreous and splintery, breaking with a conchoidal 
fracture: and although intensely hard, 
Economic Attributes of Felsites. cannot withstand severe crushing force, 
so that they are not suitable for use as 
dock-building blocks or for road-metal. On the other hand, their supe- 
rior hardness, conjoined with a capacity for taking on a high f polish 
and of withstanding attrition, renders them invaluable for tiles, floorings, 
steps and landings ; while some of them are differentiated into spheru- 
litic and porphyritic varieties, and especially when altered by sunbaking 
and monsoon conditions, acquire an ornamental character. 
Good examples of ordinary felsites, exhibiting the structure of the 
ground ground-mass shown on Fig. 5, Plate [V., are not of very frequent 
eecurrence in the State of Porbandar, although they are largely 
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represented among the hypabyssal rocks.of the adjoining Alech Hills in 
Navanagar State, and by sundry outlying eminences to the SW. of the 
Baroda Group of Hills, such as at Dhebar Dhar. 


The next phase in the development of felsites, is typically exemplified 
by arock which forms the mile-long nether eminence called Bhatwan 
Dhar, flanking the base of Bhatwari Dungar in the Barda Group of hills, 
and approximately running parallel with the Railway line eastward 
from Raniwao Station. The rock is intensely black when quite fresh 
and closely resembles a compact basalt or dolerite, for which it was 
excusably mistaken, especially as true basalt dolerite dykes of huge 
dimensions were found by the writer to occupy similar relative positions 
with reference to the. mountain-massive, at Pachhtar and near Mokhana 
in Navinagar State.* 


Registered as No. 98 in the State Geological Collection,the Bhatwan 
Dhar stone is, as already noted, intensely black when quite fresh. Huge 
boulders crowning the summit and covering 
the slopes of the hill, although exposed to 
the vicissitudes of the weather for prolonged periods, yet preserve their 
original freshness by the formation of a bright brick-red hemiatitic 
pellicle. These boulders when broken by sledge-hammers, are prone 
to fracture rectangularly at unexpected places ; so that it is extremely 
dificult to trim building-blocks of any given dimensions. The stone, 
however, break: readily into an angular shingle; and the fragments, 
which can the: be screened to secure uniformity in gauge, are so tough 
and strong and capable of withstanding such severe attrition and crush- 
ing strain as to be much esteemed for a high-grade road-metal. It 
is now being tested by the Chief Engineer, Mr. Measuam Léa, 
M. Inst. C.E., of Karachi Municipality. 


Chemically the Ehatwari Dhar stone approximates to the com- 

position of a typical granophyre, as shown by the analytical table given 

| above.j Its specific gravity is appre- 

eran ar aie of the ably higher than that of an average 

granophyre, while it contains less carbo- 

nate of lime, less alumina and ferrous oxide, more magnesia and potash, 
and a marked preponderance of ferric oxide and of silica. 
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** Economic Geology of Navinagar State’, by E. Howarnp Apr, Bombay, 
1914, p.46.- | 
1 Quod ride, p. 4, Registered No, 98. 


PLATE XXXVIIL 





Regd. No. 34.—Fig, 40,—Spherulitic Felsite. 


Same site as that of Fig. 39. Adatiana Heights, Barda Hills. 
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Amplified 15 Diameters, 


To show the general structure of a large field-of-view, Sp. —Entire spherulites with 
ther nuclkei of sanidine, §,—Twinned crystal of sanid'ne, which is shown 
more highly magnified by Fig. 349, Plate XXXVI. S'.—Longitudinal 
section of sanidine showing inclusions of the felsitic ground mass. §''.— 

Transverse nc oblique sections of sanidime-. G.—Cryptocrystalline ar 

felsitic ground-mass, containing pyroxene spicules and magnetite micro- 

lites too small to be distinctly shown by this power, ML—¢ rystal of 
opaque black magnetite. Q.—I/diomorphic crystals of quartz. E.— Abnor- 


misal epidi Lise agile of honey-yellow colour, 
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Microscopical determinations enable one to give the stone its correct 


name as an ‘Incipient Spherulitic Felsite’. When thin sections are exa- | 


mined under low powers (1} inch and 1 
_laiwesseete Soames” inch objectives), «he: YPN 
‘Incipient Spherulitic Felsite.” ground-mass of the sample may be seen 
to occupy quite a subordinate space ; 
while the closely crowded spherulites, mostly formed around nuclei of 
colourless sanidine crystals constitute the bulk of the rock mass. Some 
of these sanidine crystals, when examined in polarised light show traces 
of multiple lamellation, which points to the probability of a vanety 
created by internal intergrowths of monoclinic and triclinic felspars. 
The elongated crystal 5, Fig. 35, Plate XXAIII 1s of this character. 
It may be noted that the cryptocrystalline, felsitic ground-mass, 
with its usual accessories of incipient crystals and microlites of magnetite 
| and greenish pyroxene, serves to draw a 
Berens bert mortgaged sharp line of demarcation between the 
felsites and the granophyres; for the 
eround-mass of the latter group is essentially micropegmatitic, or com- 
posed of a microscopic intergrowth of felspar and quartz, known as 
the granophyric structure. 
Pyroxenic constituents in No. 95, are manifested morphologically 
in three distinct forms -—(s)—As radiating fibrils entering into the 
composition of the spherulitic structure 
Parisi the2 aa of the <urrounding nuclei of sanidine, the former 
of which likewise include brownish radiat- 
ing fibrils of probably orthoclase felspar and of a little clear quartz. 
The pyroxene fibrils under higher magnifying powers (} to } inch objec- 
tives) can be resolved into indigo coloured moniliform structures re- 
sembling margarites, or ‘ embryonic crystals’ called crystallites, in the 
semblance of a string of pearls.* (3)—As elongated, distinctly greenish, 
skeleton laths or spicules composed sometimes of several units conjoined 
and generally associated with probably separated crystals of black 
magnetic iron-ore. ()—As tabular, often regular six-sided, idiomor- 
phic crystals of green augite, almost always bearing endomorphs of 
magnetite. Magnetite moreover in minute black and opaque octahedra, 
crystal aggregates and spicules, ts indiscriminately distributed throughout 
Sc aS Sao Mc 


> F Rory, ‘Mincralogical Magazine’, Vol. IX, 1801, pp. 261-271, Coumx 
‘Sammiung von Mikrophotographien......von Minecralien und Gestejnen', 3, Stuttgart, 
Laoo, PL. VI. 
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the field of view. Lastly there come, in some sections many tabular,, 
frequently six-sided, very highly refractive, honey-vellow monoclinic 
crystals, of unascertained composition, which may possibly be abnormal 
forms of epidote derived by metasomatism from augite. 


There are many instances where felsitic and granophyric dykes, 
sometimes of considerable dimensions have been thrust through fissures 
| or lines of weakness in the previously 
Dice ea BRT Hypabyssal onsolidated mountain-massive; and 
| these, by reason of the enormous lateral 
pressure brought to bear upon the moving molten magma, eventually 
solidify into more or less cleaved masses -—the cleavages running at 
right angles to the direction of flow. Both felsites and granophyres 
exhibit cleaved structure in the Barda Group of hills, and it may be 
presumed, that being identical in chemical composition, these two 
varieties result,—the former, by rapid and the latter by more tardy 
congelation, whereby distinct crystallisation can be seen to have com- 
menced by intergrowth and other manifestations of the constituent 
mineral units. 


Typical of such rocks, a remarkably good example of a “ Cleaved 

Felsite”, registered as No. 548, in the State Geological Collection, was 

found exposed, and somewhat altered by 

Examplesof Cleaved Felsites, | meteoric agents, from an original grey to 

a rusty-brown colour, about 500 yards 

NNW., of Sajanawala Nes, near the eastern limits of the Barda Group 
of hills. 

Examined under the microscope, thin sections of this specimen 
-evealed an apparently homogeneous ground-mass of ultramicroscopic 
texture, flecked every here and there by patches of water-clear quartz, 
and curiously criss-crossed by numerous parallel lines of incipient 
crystals of probably originally green pyroxene associated with diminu- 
tive separations of magnetite. When the two principal sets of parallel 
lines intersect, as they occasionally do, they give an average angle of 
$7°6', which corresponds exactly with the cleavage angles of augite. 
Between crossed nicols, the apparently homogeneous ground-mass is 
to be cryptocrystalline, and several faint outlines can be identified 
as those of elongated crystals of sanidine in an incipient condition ; 
while the blebs of quartz are revealed in mosaics of differently onentated, 
allotriomorphic units. Both pyroxene and magnetite have undergone 


PLATE XXXIA. 





Regd. No. 55.—Fig. 41.-—Felsitic Granophyre. 


Outlying outcrop of Spur, 4 miles ENE. of Ranawao Station. 
Resolved Fy WATSON & SOKS 1 ach Clhyectii, orl Neaertcal A perts Fis 


Amplified 30 Diameters. 


Lhe ground-ass here is shown to consist almost entirely of micropegmatite, mp 
but there are also a few small patches of cryptocrystalline felsite, F 
tak. aided by gubracmtiing indigo-coloured, morniliheren rods mre tnichites. 
A few idiomorphic crystals of clear sanidine obtain in other parts of the 
preparation. C. Spherulite composed of centric system of micro 
pegmatitic radiating fibres. Q.—(Juartz in optical continuity with quarts 
of micropegmatite. @'.- Mosaics of interstitial quartt. A.—Idiomorphic 


green aupite. A‘'.—Spicular green nugite. Mal —Magnetite. 
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alteration to a dark brown colour by oxidation ; but the entire mass 
remains very hard and compact on account of having been subjected 
to prolonged sun-baking. OS dae 8 

About 50 yards farther, or 550 yards NNW. of Sajanawala Nes, 
a precisely similar rock, but only partially cleaved, forms a small outlying 
knoll which can be traced to a spur from the eminence called Randsar 
Dhar, near the State boundary. In this specimen the parallel, criss- 
crossed lines of incipient crystals can be distinctly resolved, under 
powers of over 50 diameters, into particles of green pyroxene and . 
separations of black opaque magnetite. 

More highly differentiated come the varieties known as ‘ Spherulitic 
Felsites’, which, especially when altered by alternate sun-baking and 
monsoon conditions, yield many very 

: beautiful ornamental stones, capable of 
taking a brilliant polish ; and, being available in sound blocks of tolerably 
large sizes, can be turned to profitable account in many special arts and 
crafts. Such are the specimens, found exposed in almost unlimited 
development at Krishna Jhdr, 1 mile NNE. of the summit of Babia 

Dungar in the Bardar Group of Hills, and 
BY joanna pagar har sm also in form of a very broad dyke which - 
‘aa: ra suns from NNW. by W. to ESE. by E. 

at the base of Piara Dungar, called Javan- 
tira. Gdrd, which is crossed by the Railway line. The Krishna Jhar 
rock is at present inaccessible ; but the Javantdara Bard site, where the 
stone has undergone slightly more alteration, lies by the roadside to 
Bordi, and can therefore be readily extracted and conveyed to Por- 
bandar Docks, especially if a loading platform could be established at 
Rordi—as strongly recommended in the narrative portion of these 
reports." 

Spherulitic Felsite from the Krishna Jhar site has here been chosen 
as typical of this variety, on account of its superior freshness. Its ground- 

mass of felsite, is comparatively coarsely 





Microscopical Determination of textured at Some places, while at others 
Spherulitic Felsite of Krishna |. eal eile eae 
Jhar. it is ultramicroscopical and only resolv- 


able as a cryptocrystalline structure, 

when viewed between crossed nicols. The field is studded with pheno- 

crysts of the clear and colourless variety of orthoclase felspar known 

as sanidine, which serve as nuclei for radiating fibrils of felspar and 

quartz, (the former predominating), to together constitute the closely 
* Ono pide, pe gris tho: ; : 
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aggregated bodies, called spherulites. Sometimes the otherwise clear 
sanidine crystals show meshworks in grey of the rectangular reticulations 
so characteristic of ordinary orthoclase felspar; at other times the 
‘sanidine exhibits polysynthetic twinning, and thus points to an inter- 
growth with a triclinic felspar. A few decayed small crystals after 
magnetite may be detected, while the pyroxene 1s represented by oxi- 
dised spicules especially in the ultra-microscopic areas of the ground- 
mass.” 
Another noteworthy variety of Spherulitic Felsite, (registered as 
No. 34), which can scarcely fail to command a good demand so soon as 
it becomes known, occurs exposed in 
Ornamental Spheralitic Felsites abundance, alongside of the Railway- 
from the Adatians | Helgi siding, and for fully fifty yards ENE. 
Dhar. thereof, close by the ‘Navri’ Miliolite- 
quarry, No. 62, on the Adatidna Heights 
near Ranawao Station. Other good sites for similar material have been 
registered respectively as No. 96, exposed by the Railway-cutting nearly 
| mile ENE. of Randwdo Station, and No. 528, which extends from the 
Khambala roadside up to the summit of a hill called Ladha Dhar, 
which is situated approximately 1} miles SE. by ESE. of the hill-ide 
village of Khambala. 
It will be sufficient in this place to take No. 34, as typical of this 
variety of felsite a5 follows :-— 
Megascopically the rock exhibits a comparatively light-grey ground- 
mass, closely studded with dark-prey sub-circular spots ; so that when * 
polished it presents a singularly pleasing 
_ Megascopic aetna a ornamental appearance. The maternal is 
acer rang = available in large spheroidal boulders ; 
. and huge blocks could doubtless be ob- 
tained by blasting; while the facilities for conveyance to Porbandar 
City as the principal centre of distribution are close at hand, in the 
Railway-siding to the extensive miliolite quarries adjoining. 
Under the microscope, thin sections present the appearances shown 
by the photomicrograph, Fig. 35, Plate XXXVI. From this it will be 
Determinationsof 2¢¢n that the ground-mass 1s composed 
the Minera! Units in the Speers, of a cryptocrystalline matrix of true 


Heights, felsite, i.¢., an intimate blending of felspar 
and quartz, the mineral units of which cannot be distinguished 
® Seo Fig. 37, Plate XXXV, ir | | 





PLATE AL. 





Regd. No. 524.-Fig. 42.—Cleaved Granophyre. 

Summit of Dhori Dhar, Foundations of State Bungalow, 
Khambala Talav, Barda Hills. 

Jovd by Watsos & Sons’ 1 fach Objective, ot Numerical Aperture. 


Amplified 30 Diameters. 


Almast the entire he id of view is ic pred by i Cem pee cuts 1tive ‘ly Coarse micré pe erina bebe 


mp. and i itches of nearly ultramicroscopuc Mcrae rs utile, Ep. The 
cloudy grey-brown material, O, adjoining, is probably alte red orthoclase 
and free quer nily shows rectanprul ar reticulations. A A—An elongated 


porphyritte erysts lof green avgite, intergrown with colourless laths of 
«a~nidine, &, in ophitic fashion, ard assoc sted with crystals of opaque 
black magnetite. Magnetile, M. also occurs in formof minute octahedra, 
irregular grains and aggregates, M, and linear or skeleton microlites 


§.—Small colourless laths of sanidine. @.—Mosaics of water-clear quartz, 























SPHERULITIC FELSITES 101 
when viewed by ordinary transmitted light, but which become apparent 
when the section is rotated between crossed nicols. 


It is mainly the ground-mass which serves to draw a sharp line of 


demarcation between the felsites and the group of granophyres ; for the 
ground-mass of the latter consists of a 


negmatitic intergrowth of felspar . 






readily discernible with 

ordinary light ; while polarised light serves 
to map out each separate unit by the simultaneous illumination or 
extinction of its component intergrown particles. 


The ground-mass is still further diversified by the presence of nu- 
merous diminutive octahedra, irregular grains and spicular microlites 
of opaque black magnetite; while small crystals and incipient rods 
of a green pyroxene are less frequently met with. 


Closely crowded in the ground-mass, are the spherulites, which 
endow the stone with its dark-spotted ornamental character. These 
spherulites exhibit an advance on the 
Intimate structure of the Sphe- of development depicted by the 
emer ean wake ae Eo iaes of Fig. 5, Plate. IV, inasmuch 
as they are generally formed around 
nuclei of phenocrysts of colourless sanidine, many of which are charac- 
teristically twinned. Under powers of about 50 diameters or more, 
the substance of the spherulites proper can be resolved to show that they 
are constituted by :—(i).—Radiating fibrils of brownish orthoclase felspar 
of the nature of that entering into the composition of the ground-mass 
and occasionally present as rectangularly reticulated interstitial patches, 
sometimes shown in optical continuity with the corresponding spherulite 
fibrils or incipient crystals. (¢#).—Interlaced or parallel alternating fibrils 
of clear, colourless quartz, also sometimes shown in optical continuity 
with the quartz of the matrix or ground-mass, especially when the latter 
is present in interstitial situations. (#1t).—Fibrous, radiating, indigo- 
coloured moniliform microlites or trichites of pyroxene, sometimes 
abundant and at others absent. (1v).—Small incipient laths or spicules 
of greenish pyroxene, like those observable in the ground-mass. ().— 
Skeleton microlites in parallel and rectangular grouping, of grains or 
minute octahedra and rods of opaque black magnetite. 


Colourless, but almost always containing inclusions of the ground 
ve 


it aa 
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mass, the comparatively large, idiomorphic crystals of sanidine,. which 
are frequently twinned,—as well shown 


Sanidine Crystals in the by Fig. 37, Plate MXXV,—invariably 
Spherulitic Felsite from 


 Adatiana Heights. a furnish the nuclei ar6und which the 


spherulites segregate. They are, in effect, 

phenocrysts that have taken definite crystalline form prior to the con- 

solidation of the substance of the spherulitic bodies and the ground- 

mass. Between crossed nicols they exhibit more or less clearly the 

polysynthetic twinning distinctive of triclinic felspars, and may there- 

fore be regarded as intergrowths of principally orthoclase and a little 
plagioclase. 

Other phenocrysts of a green colour, giving the cleavage angles 

of augite, are less frequently present in the form of elongated but some- 

times tabular, hexagonal crystals, which 

Pyroxenes in the Spherulitic Occasionally exhibit ophitic structure as 

Felsite from the Adatiana Heights) 4+ A, Plate AAXIV; the endomorphs 

being of the nature of small colourless 

laths of sanidine, and associated separations of opaque black magnetite. 


Allusion has already been made to the presence of two other subse- 

quent generations of pyroxene, found forming incipient spicular greenish 

crystals in the felsitic ground-mass and 

Anomalous Eplidote in the Sphe- bodies of the spherulites, and of the indigo- 

maaan The from the Adatiae® coloured, sometimes moniliform, hair-like 

rods or trichites which contribute largely 

to form the substance of the spherulites. Very rarely,—as at E, Fig. 37, 

Plate XXXV,—partial separations of a negative and highly refractive, 

honey-yellow mineral obtain, which are probably of the nature of epido- 
tised augite. 


In addition to the relative positions and forms already noted, the 
opaque black magnetite occurs disseminated throughout the field of 
view in isolated, but more frequently, 

Magnetite in the Spherulitic aggregated well defined crystals. Even 
elsite from the Adatiana Heights. i the very’ thinnest possible sections, 
4 magnetite always remains opaque under 
transmitted light and of a slightly bluish-black colour when examined 
by reflected light; but Sm Henry A. Mrers* records the fact that, 
Magnetite and hematite both occur as picieindytchot F thin dendritic deposits 





— ——— | 


¥ * Mineralogy ' » London, 1903, p. Se, 


PLATE XLI. 





Regd. No. 546.—Fig. 45.—Altered Coarse Granophyre. 


Base of E. Slope of Babla Dungar, Barda Hills. 
Meooalted OF WATSON Pi SONS 14 rae CMpectrie, on? JVineanverre and all pha Parr, 
Amplified 15 Diameters. 


The initial power calculated for an image distance of 10 inches for this objective i5 
only # diameters, but the image has then been amplified to the dimensions 
depicted above where the micropegmatite, mp, of the centric systems is 
very clearly defined. The felspar has been altered to a cloudy brown 
colour, and appears to be mainly orthoclase, with centric nucle of 
saniline, &. Interstitial quartz, Q, and felspars are also in evidence, anid 
there are many Very large aggregated, as well small isolated crystals, 
M, of magnetite. The pyroxene has vanished, leaving only traces of its 
former presence in a few rusty coloured patches and elongated forms, 


E.—Empty spaces. 
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in the cleavage laminw of mica, where they may be sufficiently thin 
to be translucent"; ......while, ‘ In whatever form the mineral occurs, 
it may always be identified by its magnetism ; the only other mineral 
which possesses the property im the same degree is ferriferous platinum.’ 
Recp. No. g1.—The provisional name given to this specimen, 
as a basalt is incorrect*; for, by determinations in the laboratory, it has 
been found to be of pronounced hypabys- 

Pee ae Gee eine ~~ sal origin, although to the naked eye 
the blue-black to pale-grey stone closely 

resembles a compact basalt. Thin sections under the microscope reveal 
a microcrystalline ground-mass, sparingly studded with groups or some- 
times single phenocrysts of :—(i).—Carlsbad twins of grey orthoclase 
felspar often partially interpenetrating, and occasionally displaying 


well-marked rectangular reticulations. These frequently measure 2. 


by 4, inch in apeaieen dimensions. (it)—Tabular and elongated 
crystals of green augite, + by ,+, inch; frequently inclosed and also 
spe he with the felapar phenocrysts. (11). Opaque black magnetite, 
zap to =4; inch across, partially inclosed by both augite and felspar, 
and also sparingly studding the ground-mass at irregular intervals. 
The rock may, therefore, be correctly called a ‘ Porphyritic microcrystal- 
line Felsite.’ 

The ground-mass is constituted by a rape ai 8 structure 
of minute irregularly shaped crystals, of quartz +; to =; inch, inter- 
grown with equally small patches and ill-defined laths of greyish ortho- 
clase, occasionally showing a tendency to micropegmatitic structure ; 
while a second generation of diminutive angular grains of green augite, 
a5 to =i; imch, and of mere specks and granules of magnetite are 
plentifully scattered throughout the field-of-view. 

Transitional phases of structure, showing a ground-mass composed 
almost entirely of micropegmatite, i.¢., intimate crystalline intergrowths 

Tea et of felspar and quartz, but also exhibiting 
emeingenecr iandi a few cryptocrystalline areas of true 
ielsite, are well represented by the rock registered as No. 55, of which the 
photomicrograph of a typical thin section is given as Fig. 4 . ee 
XXAIX. This rock has therefore been called a ‘ Felsitic Gra an 10phyre. 


By reason of the predominating presence of well-develo icro 
pegmatite, this valuable stone, of a pleasing pale blue-grey colour 








* oF. ut eupra, ° Narrative Report,’ pp. xxv, xxvi;aleo p, 13, 7 2 
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with patches of pink and light-red wherever it has been sunbaked for 
prolonged periods, ought to furnish invaluable building-blocks for dock 
and harbour construction > while the wastage could be profitably utilised 
for high-grade road-metal. 


It occurs as an outlier-spur from the mountain-massive, adjoining 
the Railway-line, about 3 miles ENE. of Réanawaéo Station, and extends 
along the plain in the form of a small range of hillocks nearly tight up 
to the roadway leading from Ranawao town to the Naliadhar Jungle- 
reserve; so that there is ample material available for an almost m- 
exhaustible supply of stone; while the range of hillocks offer an €xcep- 
tionally fayourable series of sites for quarrying operations on a large 
scale. This stone is being tested for heavy-traffic highways, a5 road- 
metal, by Karachi Municipality. : 


“Under the microscope, the ground-mass is shown to consist, a5 
already noted, almost entirely of well-formed micropegmatite with a few 
cil subordinate patches of eryptocrystalline 
eam eacopieel Determine in = felsite every here and there :-—these being 
Felsitic Granophyre. traversed by moniliform rods and trichites 
of indigo-coloured pyroxene, and bearing 

a burden of spicular incipient crystals of green augite with separations 
of opaque-black magnetite and minute octahedra and skeleton microlites 


Incipient crystallisation 1s manifested by the presence of spherulites 
differentiated into centric systems of micro tite —in place of the 
radiating fibrils distinctive of spherulitic felsites*—with nuclei of ortho- 
dase felspar or its variety,—samidine. A. few idiomorphic colourless 
irystals of sanidine frequently occur, sometimes twinned on the Carlsbad 
aw, and exhibiting simultaneous straight extinction ; and these occa- 
sionally, show traces of intergrowth with a triclinic felspar by their 
Myltiple lamellation when examined between crossed nicols. 


Mosaics of interstitial quartz are plentifully present and point to 
secondary changes ; while the pyroxene,—in addition to the indigo- 
coloured moniliform microlites noted above,—is manifested by sub- 
idiomorphic tabular plates of green augite sometimes with ophitic endo- 
morphs of colourless laths of sanidine and separations Or associations 
of magnetite crystals of irregular shapes. Magnetite is also disseminated 
chroughout the field-of-view in the form of minute, opaque-black octa- 





> Cj. ut supra, Plates 1V, XXXV, XXXVI and XX XVIII. 





PLATE ALII. 





Regd. No. 556.—Fig. 44.—Altered Coarse Granophyre. 


Base of E. Slope of Babia Dungar, Barda Hills 
Resoloed dy WaTsox & Sons) i rach Gopectioe, 0.21 Numerical Aperture. 


Amplified 30 Diameters. 


0.—Sub-idiomorphic, altered, cloudy, brownish-g rey crystals of orthoclase occupy 
ing intermediate or interstitial positions with reference to the centric 
systems and showing rectangular reticulations with great clearness. 
Q.—Allotriomorphic quartz. Both the large felspars and quartz are 
shown in optical continuity with their counterparts constituting, Mp, the 
course micropegmatite of the sparingly developed ground mass. M.— 
Isolated grains and irregular crystals of opaque, black magnetite. 
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hedra, irregular grains, skeleton mucrolites and aggregates of larger 
crystals. | = 


Granophyres without any trace of a cryptocrystalline or felsitic 
matrix or ground-mass, and in which spherulitic structures have been 
developed into nucleated centric systems, each foreshadowing the forma- 
tion of a complete crystal, are well represented by several noteworthy 
examples from the south-eastern quarter of the Barda Group of hills. 


One of the most typical of this variety, has been registered as No 

so2, and forms the bulk of a large conical, partially isolated hillock 

called Gadhia Dhar, rising from the NE 

Pc aaar Granophyre of Gadhia borders of the Khdmbala Talav or reser- 

; voir at its dammed-up extremity, about 
r,000 yards or so NNW. of the Khambala State-Bungalow. 


The stone is compact and closely textured; of an originally fresh 
grey colour, but superficially sunbaked,—without loss of any of its 
physical properties,—to a purplish hue, The rock is exceedingly diffi- 
cult to break with sledge-hammers, and proportionately difficult to tool ; 
but with modern appliances, ought to yield an abundance of ideally 
tough and strong, weather-resisting building-blocks, at reasonable cost. 
capable of withstanding enormous crushing strain as well as severe 
attrition, and therefore adapted to the requirements of dock and harbour 
construction, road-making and wherever resistance to impacts and wear 
and tear is an indispensable condition. 


Although by no means of plutonic or abyssal origin, the Gadhia 
Dhar granophyre approaches very nearly to those rocks, by the absence 
of any ground-mass or matrix of itself, 
Nucleated ‘Centric systems' of provided that the nucleated centric sys- 
the Gadhia Dhar Granophyre. tems of micropegmatite, or intergrown 
felspar and quartz, are each regarded ‘as 
separate crystal units. Binding these centric systems closely together 
there is a large proportion of coarser micropegmatite, composed of water- 
clear quartz, often segregated in patches of numerous allotriomorphic 
differently orientated units, which interlock with similar patches _ of 
cloudy-brown orthoclase; and this interstitial coarsely constituted 
micropegmatic, between coarsed nicols, may be seen to be in optical 
continuity with the micropegmatitic constituents of adjacent centric 
systems. 
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Curiously enough, the nuclei of the centric systems are mostly of 
the nature of independent idiomorphic crystals of clear sanidine, occasion- 
ally twinned on the Carlsbad law, and giving simultaneous straight 
extinctions when rotated between crossed nicols. Some of the nuclei, 


‘however, display an almost ultramicroscopic granophyric structure ; the 


brownish felspar,—orthoclase —and water-clear quartz being optically 
continuous with their counterparts surrounding the centric systems. 
The cloudy, brown, interstitial orthoclase, moreover, when sufficiently 
developed exhibits well-marked rectangular reticulations. 


Pyroxene is but sparingly present in this rock, being sporadically 

distributed in all parts of the field-of-view in two forms, probably re- 

‘presenting distinct generations :—(!).—As 

bsenty elses oR of the bright green sub-idiomorphic sections, some 

| of which show cleavage angles of 57°, 

arallel to the prism, and are usually associated with irregular ageregated 

epaque black crystals of magnetic iron-ore. (#i).—In the form of dusky 

green much elongated skeleton-laths or spicules frequently intergrown 
with minute grains of magnetite. 


Magnetite, black, opaque and but seldom altered at its edges in 
weathered specimens also occupies a subordinate place, indiscriminately 
throughout the rock texture, in the form of minute octahedra, irregular 
grains often collected into comparatively large patches, and larger idio- 
morphic single or ageregated crystals. Although but an accessory, 
much of the magnetite is probably original; but a goodly proportion 
doubtless arises through secondary separations from the pyroxenes. 


About 1,000 yards SSE. of Gadhia Dhar, and affording a magnificent 
view of the Khémbala Talav ensconsed by its amphitheatre of hilk, 
there rises the summit of Dhori Dhar, on 

The Dhori Dhar Granophyre. the platform of which the Khambala State- 


.. Bungalow is perched. The rock forming 


this eminence consists of a pale bluish-grey granophyre of essentially 

cjmilar structure to that of Gadhia Dhar, but it is diversified, especially 

at the summit, immediately beneath the bungalow, by much cleaved 

intrusions,—evidently, subsequent eruptions from the same molten 
ass of material. 


These intrusions vary but slightly from the older dyke-rock* through 





. Cj. postea, p. 107. 


PLATE XALIII. 





Regd. No. 160.—Fig. 45.—Orbicular Granophyre. 


Crown of Gured Dhar, @ Spur from Dhorio Dhubho, Barda Hills. 


1} Miles ESE. by SE. from Godhana. 
Resolved by Watson & SONS 1 tech Oljecttve, o'21 Nomerical Aperture. 


Amplified 30 Diameters. 


Portion of an orbicular unit, showing nucleus, Mp, of micropeg ma tite in intergrowths, 


each about ye inch across. Z.—Zone of almost ultra microscopic micro- 
(Cele phitic sclvare. 1.—Interstitial area. S.—Small 
Pinced below octahedron of magnetite. The 


pegmatite. C. 
inths of sanidime. M. 

micropegmatite of the nuclei is frequently of the nature of twin or else of 
an ageregare of units, as shown by the varied orientation of chiferent 
parts between crossed nicois. 0.— Empty space. 
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which they were manifestly forced under conditions of great lateral 


from the Sommit of Dhori Dhar. ead van (No: 524, Sal yea ahaa 
name of ‘ Cleaved Porphyritic Granophyre,’—Fig. 42, Plate XL. 
Essentially built up of commingled areas of comparatively coarse 
and almost ultramicroscopic micropegmatite, there are many patches 
where the colourless quartz and cloudy brown orthoclase collect together 
in allotriomorphic forms, which, however appear in optical continuity 
with their counterparts in the micropegmatitic areas. Interspersed 
sporadically there are many small laths of colourless sanidine, most of 
which are simply twinned ; and these also, together with crystals and 








grains of opaque black magnetite are frequently intergrown, in ophitic 


fashion with large elongated, practically porphyritic crystals of green 
augite. Augite also occurs in tabular idiomorphic and irregular sections 
of crystals, usually with inclosures of magnetite, while it sometimes 
forms elongated dusky-green incipient rods charged with numerous 
grains of magnetite. The latter moreover presents, in addition to crystal 
forms, sundry granular aggregates, and skeleton microlites, some ol 
which are constituted by linear successions of diminutive octahedra. 
The orthoclase when well-developed shows rectangular reticulations. 


Vet another advance in the development of the rich range of grano- 
shyric rocks of Porbandar State, is afforded by the prodigiously tough 
| i and strong stone found forming the bed and 
oe Granophyre hanks of the deep gorge of a mountain 
stream called Vijfaria Jhar ;—an affluent 

to the great Khambala Talav in the Barda Group of hills. 

The sample under consideration was taken from the bed of the 
Jhar, some 600 yards or so NNW. of the picturesque shepherds’ retreat 
called Khara Vira Nes, and registered as No. 516, in the State Geological 
Collection. 


When prepared as a thin section and examined in the laboratory, 

the discovery was made that the rock owes its extraordinary toughness 
to its peculiar intimate structure ; being 

econ + aroabesermeneu te practically composed of units of well 
linen gharGranophyre. developed micropegmatite as the dominant 
constituent. (1).—These units, take the 

form of sub-idiomorphic crystals, after orthoclase, and consist of inter 
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growths of greyish felspar and water-clear quartz. (if)—Next in abund- 
ance come several well-formed colourless elongated laths and Carlsbad 
twins of sanidine, some of which show multiple twinning and are there- 
fore evidently intergrown with a triclinic felspar. A few clear crystals 
of elongated habit, are so stcongly twinned, with albite lamellation, as 
to prove the presence of an excess of plagioclase felspar in the obscure 
intererowth. (iii).—There are several large patches and small spaces 
completely filled with differently orientated mosaics of water-clear 
quartz, and others with cloudy grey felspar, both of which are in optical 
continuity with their corresponding minerals which form the compound 
crystals of micropegmatite. Accessory constituents include :—(iv).— 
Dusky green pyroxene of elongated habit almost always laden with 
microlites and grains of opaque black magnetite. There are also crystals 
of probably a previous generation of tabular, brighter green augite. 
(v).—Minute octahedra, irregular grains, microlites and tolerably large 
aggregated crystals of magnetite disseminated throughout the substance 
of the structure. (vi).—Occasional irregular grains and sub-idiomorphic 
honey-yellow, highly refringent, monoclinic crystals of probably an 
abnormal variety of epidote. Under high powers the quartz patches 
may be seen to exhibit negative crystals, and strings of diminutive 
cavities and adventitious particles. Upon these data the rock has been 
named, by the writer, a ‘ Sub-holocrystalline Granophyre.’ 


Curiously enough this sub-holocrystalline granophyre only undergoes 
alterations, due to alternate sunbaking and monsoon conditions, spora- 
i dically ; but the external appearance of 
sition fragrant ieee these restricted areas, is simply startling: 
for the mass, originally of a dark brownish- 
grey colour, changes to a rosy hue, mottled with white patches. If 
anything, the altered is only slightly less hard than the fresh rock. 
When viewed under the microscope, thin sections of this specimen, 
registered as No. 517, may be seen to preserve the sub-holocrystalline 
| character of its micropegmatitic idimor- 
gp ache gentry gy phic crystal-units: but, while the fels- 
Altered Granophyre of Vijfaria pathic elements of both micropegmatite 
and well-formed crystals of sanidine are 
more or less deeply indued with red iron-oxide,—probably of the nature 
of ferric hydrate,—the micropegmatitic quartz and interstitial mosaics 
of the same mineral] remain intact. Most of the magnetite, moreover, 
with the exception of a few of its larger units, and all traces of the 


dhar- 


PLATE ALIV 





Regd. No. 223.—-Fig. 46.—Hypocrystalline Olivine-Basalt. 


Hilly-mound, 2: miles NE. of Morwara. 
Reolwd dy Watson & Sons’ ih tack Objective, o' 17 Numerical Aperture. 


Amplified 15 Diameters. 


F.—Phenocrysts of plagioclase felspar,—mediom to basic labradorite, 
F’. —Ground-mass laths of plagioclase felspar,—medium to acid labradorite. 
4.—[rregular grains and small tabular crystals of greenish purple-brown augite. 


O.—Phenocryst of olivine, rich in iron, with red-brown borders and cracks. 





O.—Second generation of olivine, deeply margined and indwed with red iron-oxidde. 
M.—Small grains of opaque black magnetite and larger aggregates of, probably, 


litanomagnetite, 


a ' we i “ess 5 | > - i, - 7 ao 3 r | 1 
wo interstitial residue of tsotropic glass is here shown, but small patches of colour. 
less to faint brown oninidividualised glass occur, offen in intersertal posi- 


tions in other parts of the same preparation. 
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pyroxene appear to have vanished. The rock has accordingly been 
named an ‘ Altered Sub-holocrystalline Granophyre.' 
The ‘ heart of the hills,’ constituted by the sub-mountainous sum- 
mits and slopes of Babia Dungar, Kald4dongar and stretching away 
Coursely-textured Character of Westward wid Sathvirda Nes to the lofty 
the Rocks forming the‘Heart of heights of Malak Dungar, etc., is mainly 
ei built up of enormous masses of somewhat 
coarsely-textured granophyres, liberally intersected by cleaved dykes. 
The surface of the stone is everywhere so deeply weathered, that fresh 
samples can only be secured by blasting; but it was with the utmost 
difficulty that specimens of tolerably sound and only partially altered 
rocks were gathered, from which to arrive at a correct conception of 
their true nature. * 
Typical of these samples, is the one, called an ‘ Altered Coarse 
Granophyre,’ which, in its perfectly fresh condition, is of a grey colour ; 
but, by a process akin to laterisation, 
noua mre or the reactions of prolonged alternate 
| sunbaking and monsoon conditions, be- 
comes converted into an opaque milk-white rock, full of miarolitic 
spaces, and conspicuous large segregations of opaque black iron-ore. 
Even in its altered condition the rock is very tough and hard; but 
when quite fresh, is, perhaps, one of the strongest of natural products 
in existence. ° It is therefore unfortunate, that where such an abundance 
of valuable building-material occurs,—favourably situated for quarrying 
operations on a large scale—the sites should at present be inaccessible. 
Only a few typical samples were taken, to show the character of 
the practically sound rock, registered as a medium-textured grey grano- 
, 4A phyre, No. 520, from a prominent ledge, 
Sathvirda Nes oe cas 500 yards ENE. of Sathvirda Nes; and 
the altered specimen of coarse granophyre, 
already noted, taken from the base of the eastern slope of Babia Dungar ;— 
of which Fig. 43, Plate XLI, is the photomicrograph of a thin section. 
From the picture, it will be observed, that the mass consists essentially 
of large nucleated centric systems of coarse micropegmatite, the inter- 
= ee ee grown felspar and quartz components of 
the Mineral Constituents va the each of which, extinguish simultaneously, 
mere Coarse Granophyre of and give an average measurement of about 
, 3 i; inch. The nuclei of these arrested 


crystal-forms is generally of the nature of sanidine ; while the felspar * 
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components of the micropegmatite, which are shown in Fig. 44, Plate 


_ XLII, from another part of the same preparation, ‘are seen to be in optical 


continuity with the felspar forming large allotriomorphic interstitial 
crystals, and probably of the nature of ordinary orthoclase, exhibiting 
rectangular reticulations with great clearness. 


All of the felspars happen in this instance to have undergone 

profound changes into a semi-opaque milk-white substance which 

in very thin sections under the microscope 

Kaolin and Kaolinite. exhibit a brownish-grey cloudy appearance, 

and doubtless heralds the breaking down 

of the mass into kaolin ;—usually formed by the re-crystallisation of the 

decomposed alkaline felspar units, into microscopi¢ colourless scales. 
hexagonal tablets and monoclinic crystals of kaolinite. 


The water-clear quartz, both of the micropégmatitic and coarser 
interstitial areas, is invariably crowded with air-cavities, irregular and 
linear strings of inclusions of the original molten magma and clear 
rod-like crystallites of undeterminable composition. It remains in a 
perfectly fresh and unaltered condition, and the interstitial sub-idiomor- 
phic crystals may be clearly seen to be in optical continuity with the 
quartz of the micropegmatite, and that of the fine lines which serve to 
indicate twinning planes in the altered sanidine (5. at centre of Fig. 43), 
and the rectangular reticulations of the interstitial orthoclase. 


In the unaltered specimens the magnetic iron-ore js disseminated 
throughout the mass in forms of minute octahedra, irregular grains, 
Segregations wn-ore in the 2*¢leton microlites and isolated or a gre- 
Altered — resclhetiatag ‘of ‘Babia gated opaque black crystals of toleraby 
wat ot large sizes ; but, in the altered rock from 
Babia Dungar, only a few isolated crystals can be detected in their 
normal relative positions, the bulk of the mineral having segregated to 
produce large well-formed patches of iron-ore, so compactly and closely 
developed, that it might be profitable to crush the stone for iron-smelting 


_ and utilise the residue for the fashioning of pottery. 


similar stone, altered to a milk-white colour and hardened by 
Sun-baking, but without the separation of iron-ore, occurs in super- 
| abundance at the easily accessible sites, 
He sgater can hy of Keri known as Kari Dhiir on the S. side of 
CRATE Khdmbala village, and along the plain 
leading to and including a couple of outlying hills called Jaderra Dhar, 


PLATE ALYV. 





Regd. No. 542.—Fig. 47.—Altered Amygdaloidal Basalt. 


(0 feet below surface of Well shaft, 1) miles 
NE. by NNE. of Asiapat, Barda Hills. 
Resoloed by Watson & Sows’ 1) tach Objectioe, 0°17 Memerical Aperture. 
Amplified IS Diameters. 


A.—Compounid miny elale foe mad by the coal scence of two vesicles, and filled with a 
vanely of alteration products, probably due to jhermal metamorphism, 
P —Faint indications of argeregates of felspar phenocrysts. G.— Andesi- 
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KAOLINISATION. III 


whichare situated but 2 miles NNW. of the village of Bordi, where it is 
again recommended that a Railway Station or at least a loading platform 
ought to be erected, if it is desired to utilise the rich range of economic 
stones of the south-eastern slopes, spurs and outliers of the Barda Group 
of hills. 


These altered alkaline-felspar rocks, which appear, under the 
microscope to have undergone the first stages of kaolinisation, it is 
| | here suggested, might by artificial processes 
Paege rye Ty etre be made to profitably, yield unlimited 
supplies, of the so-called China-clay,” for 

the manufacture of porcelain. 

Lastly, to return to the examination of the Babia Dungar Altered 
Granophyre :—By dihgent searching, a few small fragments of green 
pyroxene and honey-yellow abnormal epidote may be detected; but 
the dusky-green laths and elongated rods of pyroxene, 50 freely found 
in kindred specimens, are here only evidenced by rusty-coloured traces 
of their former existence in the unaltered rock-mass. 


Unique among the granophyres of Porbandar State, and probably 

the only hitherto discovered example of its kind extant, is the rock 

, registered as No. 160, under the style 

Bhepdsstsee Fakenntaidel of Gured of an ‘ Orbicular Granophyre’, which 

occurs as a secondary spur, called Gured 

Dhiir, emanating from the spur known as Dhorio Dhubho, at the extreme 

western flanks of the Barda Group of hills ;—approximately 1) miles 
ESE. by SE. from the village of Godhana. 

The rock is intensely tough and being deeply weathered at the 

surface, perfectly fresh material can only be secured by blasting. 

Hand-specimens, highly polishable, present 

Sam pagiege eee Saeed the rare appearance known as orbicular 

Granites of Sweden, Irelandand sfruclwre, which was originally discovered 

go ser8 in the napoleonite, corsite or ball-diorite 

of Corsica, and subsequently in some of the granites of Sweden and Ire- 

Jand* but no instance, up to the present, has been recorded of its occur- 

rence in hypabyssal rocks. 


SS ee 

* W. C. Bedcore and H. Backstrom, Geol, Foren. Stockholm, 1887, ix, p.. 307: 
F.H. Haren, @. J. @, 5., 1888, xliv, p. 548; A. Hanker and J. E. Mane, @. J. G. &., 
1801, xlvii, p. 280; H. Backsrndm, Geol, Féren. Stockholm, 180%, xvi, p. 107; B. Fros- 
vzevs, Bull. Com. Géol. Finland, 1996, No.4; F. D. Apams, Bull Geol. Soc, America, 
1898, ix, p. 164. 
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In this instance the orbicular is manifestly an advanced develop- 
ment of the spherulitic structure already illustrated by the varieties 
Orbicular Regarded as an of spherulitic felsites and granophyres 
Advanced Development of Spheru- in the foregoing pages. The compound 
nie Stractare. units in this case attain to comparatively 
large dimensions, averaging about 4 inch in diameter. 


Each unit is in reality a somewhat complicated structure, as will 
presently be proved in the sequel. It exhibits to the naked-eye a white 
core of sub-circular, sub-ovoid or polygonal 
a! aramental Character of outlines, surrounded by a dark. almost 
ae black, and tolerably wide border. These 
individuals are very closely crowded together, so as to leave but small 
interspaces, which are filled with a whitish-grey material : so that when 
cut and polished in any direction, a uniform and highly ornamental 
annulated surface can be secured. 
There can be no doubt, that by careful blasting, large blocks of the 
material can be extracted, suitable for the manufacture of occasional 
table-tops, mantelpieces, clock-cases, cas- 
wknphive. of the Orbicular kets, vases and the like : and these, which 
| would be unique of their kind, ought to 
fetch fancy prices in the leading stone markets of the world. 


When examined under the microscope, each compound unit presents 
the structure shown by the photomicrograph, Fig. 45, Plate ALITI, 
which has been magnified to display its essential details to the best 
advantage, as follows :— 

Each orbicular system consists of a core or nucleus of tolerably 
fine micropegmatite, the intergrown components of which give a mean 


| | measurement of 7 inch: and between 
the Mineral Constituents of aa crossed nicols extinguish simultaneously 
Orbicular Granophyre. over only restricted areas, thereby showing 
the nucleus to be originally formed from a twin crystal or an aggregate 
of crystals of probably sanidine. 
The nucleus, which usually assumes sub-angular outlines, is syr- 
rounded by a zone, averaging about 2. inch jn width, and resolvable 
: , into excessively fine, almost ultra-micros- 
Celyphitic Selvages in the Orbi- COpic radiating fibrils of felspar and quartz, 
cular Granophyre many of which penetrate into an outer 
Zone, varying from about = to & inch in breadth, and algmented 





PLATE ALVI. 





Regd. No. 542.—Fig. 48.—Altered Amygdaloidal Basalt. 


To show the Intimate Structure of an Amygdale. 
Resolved by WATSON & Sons’ 1 iach Objectiee, o'21 Numerical fl perivre. 


Amplified 30 Diameters. 


G.—Ground-mass. ©.—QOuter sub-ultramicr escopie border of evidently a granular 
sevregation of colourless augite, (di ipde), M.—Zone of arerregaied 
microlites ol magnetite, Q.in continuity with @.—Sub-central and zonal 
mosaics of colourless chalcedonic silica. S.—Pale, sea-green ronal 
patches of non-pleochroic material, exhibiting radiating fibrous structure 


bat Ween crossed nicols, E. At LOM ae lini La | hs cel 1 va le=5 elow epidal | aay 





' rd at Je“ "2 i —— 
‘ 4 ae at l. L 
ORBICULAR GRANOPHYRE 113 


by numerous radiating, fan-like, branched bundles of moniliform rods 
and curved fibres of a dark brown to deep indigo colour. Some of these 
rods coalesce to form slender elongated crystals of a greenish colour, 
and all of these evidences supported by observations on the spherulites 
of kindred textures, are strongly in favour of the assumption that they 
are in reality incipient forms of pyroxene. 

It is this outer zone or ‘ celyphitic ’ selvage, that endows the mass 
with its characteristic dark-ringed patterns when slices of the rock are 
cut and polished ; and they must be regarded as of original and not 
secondary origin, such as the ‘ reaction-rims’ found in many gabbros. 


The orbicular like some of the smaller spherulitic and centric systems, 
in this particular specimen, are 50 closely crowded as to leave only com- 
paratively small intermediate areas of the 
ground-mass visible; but in these situations 
the micropegmatite is generally more 
coarsely textured ; while small laths of sanidine, larger blebs of quartz 
and irregular forms of green augite make their appearance. Opaque black 
magnetite, in a fresh condition, even in partially weathered sections. 
occur in the restricted ground-mass and particularly in the celyphitic 
selvage in the form of irregular grains and minute octahedra which 
average about ;4, inch in diameter. 

determinations would be sadly deficient, if no record were 
to be made of some of the more important economic hypabyssal rocks 

a ee ae that are at present available in large 
from Easily Accessible Sites in quantities from easily accessible sites ; 
Porbandar State. and the following brief list is therefore 
here submitted for the information and guidance of prospective pros- 
pectors and contractors :— 

Recp. No. 33.—Chemically analysed*, is partially weathered, 
at the surface, but even then remains exceptionally tough and strong 

aes Sa ae and suitable for dock work. When quite 

sae Sie otagspiind a Seigus. -'resh, 15 of a fresh grey colour, and consists 

of a slightly porphyritic, medium textured 

granophyre, occurring in tolerable abundance, in form of a nether hillock 

called Khoria Dhar, at about the limestone limit on the Adatidna Heights, 

roo yards or so E, of the Railway-siding, opposite “Navn " muliolite- 
quarry, No. 62. 


ee 


Subordinate Interstitial Ground- 


” ut supra, ? 4. 
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Recp, No, 127.—Is precisely similar to No. 33, and probably 

@ continuation of the same intrusive mass, It is exposed as a spur, 

named Gudazali Dhar, from Gudazali 

en ator et a ay -Dungar, opposite miliolite-quarry No. 4 

and adjoins the Railway-siding to the 

Adatidna Heights, with a fairly deep gully intervening. By blasting, 

large quantities of perfectly sound building blocks could readily be 

secured. The bed of the gully, gives a fine exposure of spherulitic felsite 
of the variety No. 34, already described and illustrated,* 


Recp. No. 38.j7—Occurs in vast quantities of huge boulders 
covering a very wide area over the limestone limit at the base of Mohr 
Chupra Dungar, and adjoining the Railway- 
iettiaal dente prabeai siding to the miliolite quarries on the 
Sundertnthe Adetientagr Adatiina Heights It may be dmcubed 
| as a medium to finely textured * Ruddy- 
grey, Sub-holocrystalline Granophyre ';—its colour being manifestly due 
to sunbaking and alternate monsoon conditions : but is nevertheless, 
in the bulk of the large boulders from the lofty crags above, tough and 
strong enough for all building purposes and may even be used with 
satisfaction for dock-work, the erection of piers for bridges, as well as 
for high-grade road-making. This rock has already been largely drawn 
upon for the sake of the silica it contains for the manufacture of cement 
by THe [npn Cement Co., Limrrep, at their Porbandar works. 


Recp. No. 39.—Found occurring as huge erratic blocks and 
boulders, evidently detached from the steep heights to the NW. of 
Mohr Chupra Dhir and scattered thickly 
Highly Ornamental Holocrys- by the borders of the Railway-siding to 
cathe Aisin keane the Adatisna Heights adjoining miliolite. 
quarry, No. 158; this specimen closely 
resembles a red granite of from medium to coarse texture, and when 
polished furnishes ornamental material of great beauty. Under the 
microscope however, its true nature is instantly revealed as a ‘ Holo- 
crystalline Granophyre ’; being composed principally of allotriomorphic 
twinned crystals of pink and red orthoclase intergrown with quartz in 
micropegmatitic fashion ; occasional idiomorphic units of colourless 
sanidine, irregular patches of water<clear quartz, and accessory small 
crystals of deep-green augite and opaque black magnetite. Sometimes, 

* Ut supra, pp. 100-103; Plates XXXVEXXXVILL a 

t For chemical analysis, see ‘ Narrative Report ", p. exxviii. 


PLATE XLVII. 





Regd. No. 545.—Fig. 49.—Altered Porphyritic Basalt. 


12 feet below Surface of Well-shait. 
i) miles NE. by NNE, of Asiapat, Barda Hills, 


tor fare py WATSON AND Sows’ r4 mck Obertine, ony Vuimertra’ clperinre. 
Amplified 15 Diameters. 
A.—Amygdale. P.—Glomero-porphyritic phenocrysts of triclinic felspar,—mediuni 


labradorite, G.—Andesitoid ground-mass, composed of :—(r),—Diminu- 


tive laths of triclinic felspar, smpaly twinned,—acid labradorite rergine 


Bas 


on andesine. (ff),—Densely pucked microlitic granules of colourless 
augite,—diopsde. (fff).—Mierclitic granules and aggregated granules 


of opaque black magnetite. (r2).—A very small quantity of residual. 


greyish, Botropic lass, 
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the augite and magnetite occur in excess, and thereby give to those parts 
of the rock-mass, a glistening blackish colour flecked with red. 
Recp. No. 47.—In hand-specimens, closely resembles a_ light 
to dark blue-grey, sparingly porphyritic dolerite ; but, when examined 
. under the microscope, turns out to be a 
Posen sein mang Pe naman, ‘Sub-holocrystalline, almost Ultramicros- 
Adjoining the Ranawao-Bordi ¢qpic Granophyre.’ The allotriomorphic 
sa ya Z units of excessively fine micropegmatite 
constitute the bulk of the mass, and can only be satisfactorily resolved 
by a # inch objective and amplification of over 50 diameters. Every 
here and there, segregations of allotriomorphic, water-clear quartz 
with a little cloudy grey felspar, form patches of a variety of coarser 
micropegmatite ; while at irregular intervals there appear elongated 
porphyritic crystals, occasionally in Carlsbad twins giving straight ex- 
tinction, of colourless sanidine. Accessory minerals, which give to the 
rock its dark colour consist of sporadic crystals of deep green augite 
crowded with grains of magnetite ; a second generation of elongated, 
narrow rods of dusky-green augite also containing granules of magnetite ; 
and an abundance of irregular crystals, skeleton-crystals and minute 
octahedra of opaque-black magnetite scattered throughout the field of 
view. 
The stone is exceedingly hard, but not quite so tough as the slightly 
coarser varieties of granophyre. Itis of course vastly stronger and more 
enduring than any volcanic rock, and most favourably situated for 
quarrying operations, being exposed as an outlying mound, about 2} 
miles NE. of Raniwio town, and again outcropping in greater abundance, 
to form the bed and high bank of a stream a little farther SE., skirting 
the cart road from Ranawio to Bordi, and forming part of the boundary 
of the Naliidhar State-jungle Reserve. 
Recp. No. 62.—Provisionally called a ‘Grey-brown  Light- 
coloured, Medium-textured Granophyre *, and most favourably situated 
ery ae crystaiting OY the Bordi road-side only 3 miles NE, 
Granophyre, 3 miles NE. of of Rinidwso town, this exceedingly tough 
poesia and strong stone occurs in form of a long 
and tolerably wide spur from the mountain-massive, trending from 
NW. to SE., to vanish at the surface immediately N. of the Naliidhir 
State-jungle Reserve. 
When blasted, the rock presents a dark grey hue, but is very deeply 
weathered, and shows numerous superficial miarolitic cavities and patches 
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of yellowish-green decomposition products ; but, in spite a all this 
remains exceptionally strong and well adapted for breaking into road- 
metal of the highest grades. 


Under the microscope it presents a typical holocrystalline texture, 
constituted by units of well-formed micropegmatite, in all essentials 
corresponding to the description given of the Vijfaria Jhar granophyre,” 
save that it is deficient in sanidine crystals. The stone has been recom- 
mended for dock and harbour work and road-engineering operations, 
and is one of the specially chosen samples now being tested for highway 
macadamising by Mr. MeasHam Lea, the Chief Engineer of Karachi 
Municipality. 


Recp. No. 523.—Forming the bulk of the summit hill called 
Dhori Dhar upon which the Khambala State Bungalow is built, and 
| closely resembling the cleaved intrusions 
Pi deocitapin apg Dhar andes by which it appears to be intersected, this 
Khambaln. specimen exhibits a fresh, pale blue-grey, 
compact ground-mass, liberally studded with small porphyritic crystals. 
No trace of spherulites nor centric systems can be detected under the 
microscope, for the entire ground-mass is constituted by a variably fine 
niicropegmatite of h ichidomer -grey orthoclase and clear quartz in inter- 
growths of from ,4, to 4; inch on an average. The porphyritic 
crystals, comprise tabular and elongated sections of green angite with 
inclusions of magnetite, and small idiomorphic crystals of colourless 
sanidine, sometimes twinned on the Carlsbad law and _ occasional- 
ly showing traces of polysynthetic twinning between crossed 
nicols, 


Patches of dusky-green and incipient spicular crystals of augite, 
crowded with granules of magnetite, diversify the field of view, which 
further shows irregular areas of allotriomorphic water-clear quartz ; 
while minute octahedra and granules of opaque-black magnetite are 
plentifully distributed throughout the field of view. 

From the foregoing determinations, this rock may now be correctly 
designated a ‘ Finely-textured Porphyritic Granophyre.’ It is available, 
even at the surface, in a perfectly sound and fresh condition, and admits 
of being blasted to yield building blocks of large dimensions, while the 
wastage could be promabty utilised for Menara road-metal. 


* Cf. ul supra, p. 107. 





PLATE XLVIII. 





Regd. No. 306.—Fig. 50.—Fissile Amygdaloidal Basalt. 


Well-shaft, 1 mile W. by WSW. of Morwara. 
Aesolted oF WaTsoN anxpD Sons" 4 rach Oherctive, o"34 Naamerical A perinre. 
Amplified 50 Diameters. 


A.—Amygdale of finely fibrous zeohte, formed of a dark brownish crenulated border 
and lighter grey core of radiating fibrils, A’.— Patches of aggregated 
eranules of brownish augite. F. -Small colourless laths of triclinic 
felepar, many of which show multipte twinning. M.—Crystals and grains 
of opaque, black magnetite. In other parts of the same preparation 
there are a few somewhat larger laths of felspar phenocrysts .— medium 
to basic labradorite ; while under low magnilying powers, the substance 
of the stone appears to be arranged in alternately dense and less compact 


layers which probably account for the fissility of the rock. 
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Reds. Nos, 133 AND aaeeabiet - miles SE. by SSE. of ‘the 
- village of Bordi, there is an outlying hill called Cocachia Dhar, which 


_ Finely textured Subporphy- appears to be composed of a few separate — 


Granophyres of Cocachia (dykes of granophyric rock of fine texture. 


in intimate structure, vary somewhat in their mode of occurrence, 


and megascopic appearance. No. 79 is exposed as a spur from the W- 
flank of the hill, and yields blocks of uniform texture, large dimensions, 


“ja and a fresh light grey colour ; while No. 113, adjoining on the slope of 


the NW. spur of the hill, is almost black and cleaved into rectangular 

blocks of the size of extra large paving-setts. 

_ Under the microscope No. 113, displays a field of view constituted 

by a tolerably fine-textured micropegmatite or intergrowth of light 

brown orthoclase felspar and clear quartz; while patches of allotno- 

morphic larger crystals of quartz occur every here and there. 
Between crossed nicols the micropegmatite shows traces of differen- 


tiation into allotriomorphic crystals after orthoclase, and these may be . 


regarded as virtually forming a holocrystalline texture. Small porphy- 


ritic crystals of idiomorphic, colourless sanidine are sparingly present, 


‘sometimes as Carlsbad twins and frequently also showing traces of albite 


lamellation. Patches and grains of green augite, crowded with opaque ~ 


black magnetite, are freely developed ; while minute octahedra and 
irregular crystals and granules of magnetite are so plentifully present 
as to ‘endow the rock-mass with its black colour. 
The Cocachia Dhar rocks may therefore be correctly called, * Finely- 
textured Sub-porphyritic Granophyres' ; and, being admirably adapted 
eA to the wants of bridge, dock and road 
Been eetaneatin st Berit engineers, and most favourably situated 
| for continuous quarrying operations, ought, 
if once introduced, to speedily find high favour in the markets of Western 
India. Unfortunately the present cartage expenses to Porbandar 
would be prohibitory for road-metal; and it is therefore once more 


suggested that a strenuous effort should be made to establish a Railway 


Station, or at the very least a loading platform near the adjacent village 
of Bordi. - 

Recp. No. 120.—A pale  bluish-grey, appreciably porphyritic 
and very finely textured stone, to the naked eye; intensely hard, to- 
_Finely-textured Porphyritic Gra- lerably tough, and capable of being easily 
Bektaria. ces Tae ctracied by autink eek sites admirably 
adapted for quarrying on 2 large scale, this desirable rock occurs in 

17 


42 Dhar near Bord These dykes, which are essentially similar _ 


* 
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the form of a long nether hill atthe base of the mountain-massive, ci! 


ed Dhordi Dhar, to the very foot of which a wide’ and well-beaten cart- 


track leads from the village of Békharla, 4} miles distant, to the WSW. — 


Microscopical examinations of thin slices are sufficient to demon- 
strate that the rock should be described as a ‘ Finely-textured Por- 
phyritic Granophyre ' constituted by :—(1).—A ground-mass of almost 
ultramicroscopic micropegmatite requiring a good 4 inch objective for 
its resolution, into an intimate intergrowth of light grey orthoclase and” 
water-clear quartz. (i').—Segregated patches of larger units of colourless 
allotriomorphic quartz.  (iii).—Porphyritic, idiomorphic crystals of 
colourless sanidine mainly of elongated habit. Some of these crystals 
show twinning on the Carlsbad law, as well as traces of multiple 
lamellation indicative of intergrowths with a triclinic felspar. In a few 
instances the crystals are zoned ; being composed of a core of plagioclase 
enveloped by sanidine, and showing numerous intermediate inclusions 
of the fine micropegmatite of the ground-mass. Nearly all of the 
porphyritic crystals of sanidine are also crowded with inclusions of 
micropegmatite ;, while occasionally there may be detected microlitic 
endomorphs of colourless, acicular, transversely-cracked, rods of probably 
apatite, which extinguish straight when rotated between crossed nicols. 
(iv).—Augite of a green colour is represented by sporadic, irregularly 
contoured, comparatively large patches, closely crowded with grains 
of magnetite ; and with evidently a second generation of small rod- 

like, dusky green crystals, also associated with magnetite granules. 
(vp) —Opaque black magnetite also occurs disseminated throughout 
the substance of the stone in innumerable minute octahedra and crystal 
aggregates ranging from about ;,5; to as much as =, inch in mean 
diameter. 
_- Reep. No. 30.—Incoherent Sand, the mode of occurrence of which 
has already been recorded* has been chemically analysed} and found 
to tally closely in composition with the 
naia iaeeiipaind granophyres of the mountain massive. 
Granophyre or Felsite, from Cave It is therefore assumed that the material 
enlled * Jambuventi Bhoirs.’ is nothing more nor less than a thoroughly 
‘ Decom posed Granophyre,’ physicallyfal- 
tered beyond recognition, but manitaining the integrity of its proxi- 
mate principles. , 








* Vide wt eupra, p. 49. 
t Uteupra, p. 94. 


PLATE ALIX. 





Regd. No. 256.—Fig. 51.—Highly Altered Compact Basalt. 
Ten feet below Surface of Well-shaft. 25 yards SW. of Bhavpura. 
Resolved by WATSON AND Sons’ } iach Objective, 0°34 Numerical Aperture, 
Amplified 50 Diameters. 


This rock furnishes a rare instance of chemical metamorphism, occasioned by the 
percolation of both salt and fresh water through beds of Dwarka shetl- 
sand to react upon the beds of lava below, G. —Ground-mass, constituted 
by (7).—Excessively minute laths of triclinic felspar,;—basic labradorite, 
(wh—Aggregated granules of Ereyish to colourless augite, (fi7).—Minute 
oclahedra and irregular grains of opaque, black magnetite. | (f2).—An 
appreciable amount of interstitial, residual, isotropic, colourless glass, 
P.—Elongated, inmegularly Shaped spaces, filled with a feebly refringent 
green alteration product. It is suggested that these represent meta- 


morphosed former phenocrysts, 
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Votcanic Rocks 

}. 3 
Under the microscope, a power of at least 50 diameters, with good 
resolution is required for the correct determination of the dissociated 


particles, which vary in sizes from even less. 


heise chara seary aha fave than =; to a little over 4; inch. These in 

: order of their abundance, consist —(1).—O1 
principally angular but sometimes partially rounded fragments of colour- 
less quartz, averaging about ;4; to jj, inch across. (ii). —Large and some- 
- what rounded, yellowish-brown to brown scales of an amorphous semi- 
transparent material, measuring approximately ;4, inch, and frequently 
less, across. These are evidently comparable to the altered volcanic 
glasses called ‘ palagonite* which RuTLEY notes,* “results from the 
action of heated water or steam upon flows of lava, which affects the 
decomposition of many of the constituent minerals, and especially causes 
the peroxidation of any protoxide of iron compounds which the rock 
contains.” It is just possible that the original rock consisted largely 
of a ecryptocrystalline or undifferentiated vitreous ground-mass ; and 
it is doubtless these scales which glisten in hand-specimens and were 
mistaken for gold by native prospectors. (iit)—Small oblong forms 
of greyish to colourless crystals, about +. inch or so in length and 
showing traces of twinning, indicate the former presence of sanidine. 
(iv).—Splintery fragments of green augite, fairly fresh, but few and far 
between, measure on an average jj, Inch mn length and less in breadth, 
(v).—Specks and granules of opaque black magnetite that have survived 
epigene reactions. No trace of fragments of micropegmatite, as such 
can be detected « which points to the conclusion that any such structures 
if present, must have been completely disintegrated or that the 
original rock took the form of a spherulitic felsite.7 


PHYLUM C.—VOLCANIC ROCKS. 


| ie COMMERCIALLY VALUABLE or of scientific interest, the rocks 
of this series that are worthy of determinations may be naturally 
Volcanic Rocks af Porkahdéa classified in accordance with their. origin, 
State —Bedded-lavas, Rhyolites geological age and modes of occurrence, 
and Basic Dyke-rocks. into three well-marked groups ; namely ;— 
(i).—The Bedded-lavas of Cretaceo-Eocene. (ii).—Light Lavas, Acid 
Volcanics or Rhyolites of probably Early Eocene. (ii1).—Dark, Basic 
Dryke-Rocks, of date subsequent to the eruption of the Rhyolites. 








* “Tho Study of Rooks’, London, 1879, p. 272. 
+ Cf. wl supra, pp. 99-105 ; Figs. 5 and 35-40. 
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Eh eiveap 1—Bedded Lavas of the Decean-Trap Period. 
ae pagel INFORMATION has already been afiorded concerning 


SO : the general mode of occurrence, geological structure, and localities 
My, | in Rirbander State, whence large supplies 
— Bedded-lavas of the Deccan . of economic examples or noteworthy speci- 
peal eR mens, belonging to this group of rocks, 
“ing can be obtained, both in the pages of this summary and those of the 


preceding narrative reports.* It would therefore be quite superfluous 
‘to render an abstract of observations made in the field ; but as distinctly 
desirable, on the other hand, that a record of laboratory determinations 
should be given forthwith, as follows :— 

Recep. No. 223.—Occurring exposed as a hilly-mound, 2} miles 
NE. of the town of Morwdra, in a practically fresh condition, this 
<p typical sample of a ‘ Hypocrystalline 
5 par | eee igri Olivine-Basalt ", manifestly represents the 
Pea", denuded middle or compact zone of a 
ila 4 _ lava-flow, the upper vesicular or amygdaloidal portion of which has 
eG entirely vanished. The rock is exceedingly tough and strong, and only 
i less durable than granophyre for road-metalling and the making of 
rs paving-setts, curbs and copings for which it is admirably adapted. 

? Harnid-specimens show a fresh black clean-fractured surface liberally 

yrs studded with minute glistening ruby-red crystals and a few glassy 

ta porphyritic patches, which, upon exami- 

' ‘The Special uses of Basalts. nation with a pocket magnifier or codding- 

ton lens, turn out to be large. crystals 

of olivine and aggregates of colourless felspar. Although much used 

_ as building-blocks for dwelling-houses and the piers of bridges, the 

} basalts as a rule are not to be preferred for such purposes, where the 

Ree: ; much stronger and far more durable granophyres are available, on 

| account of the comparative rapidity with which they succumb to’ 

atmospheric influences. Indeed, for architectural elevations of any kind 

, they are of less value than good limestone such as the miliolites ; but 
sy a for the’ macadamising of roadways, they are vastly superior to any kind 


a ; | of calcareous rock and second only to micro-granites and granophyres. 
a Determinations made with the microscope show the rock to be of 
a ‘hypocrystalline ’ texture, inasmuch as it displays a small amount 
rg J .— * ypocrystalline* Texture and of residual unindividualised glass, which 
ith lotersertal "structure. is sometimes ‘intersertal’ in situation 
NG and cither colourless or of a faint brownish hue. Fig. 46, Plate © 
eae ——* Consult ‘Table of Contents" and “General Index’ to this volume. 
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Regd. No. 190.—Fig. 52.—Black Obsidian. 


Apophysis of Dyke, 550 yards WNW. of Nagka. 


Aesofted dy WATSON AND SONS’ © feck Objective, o'21 Nemerical Aperture, 


Amplified 30 Diameters. 


The field-of-view shows a colourless glassy matrix, closely crowded with elongated 
spicules of a neutral tint, apparently radiating from separate centres, 
presumably nucleated. The occasional black specks represent small 

crystals of magnetite. Under higher powers,—from 50 to 100 diameters 
the spicules may be seen to frequently show secondary branches at nearly 
right angles, and many of the larger ones appear to be hollow, and of the 
nature Of skeleton crystallites, as they extinguish in all positions between 
crossed nicols, Judging from advanced phases of development the 
spicules are probably incipient forms of pyroxene. 
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XLIV, conveys a correct i 


stone, which is there seen 10508 papacy of a ea Seana 


studded with large porphyritic crystals of | Whee sR ya 


olivine ; ‘but there are no phenocrysts of augite. 
When rotated between crossed nicols, the colourless a 





of felspar, exhibit albite lamellation and give extinction angles indicating — 


wt , that they belong to the variety called 
a* Py mt yr 
ture of Professor Judd. 





Fig. 46, Plate XLIII), styled the’ glomero-porphyritic ’ structure by 
Proressor J. W. Jupp.* These phenocrysts exhibit an elongated 
habit, and individually measure as much as <4 by * inch, in thin 
sections. 5 | 


Other phenocrysts, more plentifully distributed than those of felspar 


are represented by idiomorphic, usually six-sided sections’ of olivine,” 


(O. Fig. 46, Plate XLITI), so rich in iron, that their margins and cleavage 
and other cracks are deeply stained to a bright brownish-red colour, 
apparent as glistening ruby-red crystals when viewed by the naked eye 
in freshly fractured hand-specimens. The kernels of the olivine pheno- 
crysts are colourless and present shagreened surfaces by reason of their 
high refractive index ;—1-68. They generally contain inclosures of minute 


‘octahedra and grains of magnetite, and sometimes show light-brown 


internal patches with delicate closely parallel cleavages like those of 
mica ; but, being non-pleochroic, do not correspond with the Californian 
mineral described by Lawson under the name of ‘iddingsite."} In 
size, large phenocrysts attain to the dimensions of =, x j, inch in 
sections. 

The ground-mass contains, in order of abundance, the following. 
constituents :—(#),—Colourless laths of medium to acid labradorite, the 
majority of which show multiple twinning and range in length from 
=. to + inch or even less. They frequently exhibit a tendency 
to fluxional arrangement around the phenocrysts. (it).—Minute grains 
mainly of irregular shapes, but sometimes assuming tabular idiomorphic 
forms of a pale greenish-brown augite, varying from sj; to ;js inch. 
(iti). —Small crystals and irregular grains of a second generation of olivine, 
deeply margined and sometimes entirely obscured by red iron-oxide 
from =, to =, inch in dimensions. (iv). —Opaque black aggregated 
| > @.J.@.S., Landon, 1886, xlii, p. 71 ; pl. VI, fig. 3. 

+ Bull, Geol. Dept, University, California, 1893, i, pp. 29-46 ; pl. TV. 











He’ struc: medium labradorite. They also show a 
tendency to aggregate into groups, (F. ; 
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- erystals of magnetite, =45 to 08 inch across ; and minute Gceahacca” 


» and specks measuring 2, to #5 inch. Sometimes the aggregated 
crystals of magnetite show traces of hexagonal outlines, and a superficial 


Re) -- to the belief that they represent intergrowths of magnetic and titani- 
ferous iron-ores, or titanomagnetite. (v).—Interstitial, sometimes in- 


_ are sparingly present; but though not devitrified, show inclusions of 
excessively minute refringent microlites between crossed nicols. 


Reep. No. 233—Forming an irregularly-shaped eminence, 4+ 
mile in diameter, located by the roadside 14 miles WNW. of Morwara, 
determinations show this rock to be, the 
= toh itt Amygdaloidal Basalt Typical of § denuded remains of the upper zone of 
fa{f- Shei ea lava-flow, and may be correctly called 
~~ tan “ Amygdaloidal Basalt.” The rock represents the lower portion of 
the amygdaloidal or vesicular zone of the bed of lava, inasmuch as its 
- . amygdales assume large spherical and smaller irregular contours, consti- 
tuted by cores of fibrous zeolites, with occasional separations of chalce- 
donic silica. Many of the smaller amygdales,—* inch, or less,—are 
enveloped in narrow shells of greenish silicide of iron; but the larger 
ones,—4 inch or so, in diameter, show narrow, crénulsted rims of 
cloudy silica. 


oF ace A peculiarity about this rock is, that while portions of the mass 
' show ordinary columnar jointing, certain parts develop a closely reticular 
= structure, dividing it into small polyhedra, which, by subsequent 
h shrinkage, give rise to diminutive spheroids, which weather out 

_ at the surface into balls, each about the size of a school-boy's 
marble. 


rity Sa crysts in this specimen, which is very finely and uniformly textured and 
> _ consists essentially of :—(:).—Small colourless laths, simply twinned, 
of acid labradorite or andesine, j; to ;4; inch in length. (ii). 
Grains of pale-brown augite, ;4; inch, or so, across. (iii).—Opaque- 
ans OY black crystals and grains of magnetite measuring from 4; to + 

| inch. (tv).—A trifle of clear, but sometimes devitrified, brownish inter- 
| stitial isotropic glass. (v)—The amygdales already noted, which are 
> mainly composed of fibrous radiating aggregates of hydrous silicate. 


tre __ of alumina,—probably of natrolite or mesolite, 
S ‘ é f 
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ereyish-black colour when examined under reflected light, which leads — 


tersertal patches of colourless to faint brown residual isotropic glass, 


There does not appear to be any development, as usual, of pheno- | 
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Regd. No. 190.—-Fig. 55.— Black Obsidian. 
Apophysis of Dyke, 350 yards WNW. of Nagka, 


Resolved by WaTsOs and Sons’ § rach Ofpectite, o'94 Vamrerical Aperture. 


Amplified 50 Diameters. 


From another portion of the same thin section as that from which Fig. 52 was taken; 
showing, towards the centre of the field of view, the formation of an inci- 
pient spherulite. The spherulites, which are sporadically distributed, 
sometimes show traces of crystalline structure at their cores ; occasionally 
of pale yellow epidote. In this instance the core is colourless and sur 
rounded by an amorphous dark-brown zone, which in its turn is enveloped 
by a colourless glassy ‘court of crystallisation.’ The spicules of pyroxene 


are also surrounded by a amall proportion of colourless, isotropic glass. 
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| e ere ie r i * o a | * ; ‘ —- at , ) 
Recp. No, 542.—Illustrated by Fig. 47, Plate XLV-and Fig» = 

:} 48, Plate XLVI.—This remarkable 5 gee may be My er epee rat 
. Sat aa aaa gas as an “Altered Amygdaloidal Basalt,’ the RO. 
mrorphiam. metamorphism. The rock was taken from. 

a new well-shaft, where it occurs at a depth of ro feet from the surface, . 2 2 8 

and is overlaid by a deposit of basement beds of miliolite-limestone, T$ 

miles NE. by NNE. of the picturesque village of Asidpdt in the Barda | 

Group of hills. | ‘<2 oe 


Although at a considerable distance from the base of the hills, and 
therefore not to be cited as an example of contact metamorphism, this 
rock, which belongs to the series of previously formed bedded-lavas 
in this locality, must have been profoundly affected by the injection 
of the vast hypabyssal dyke-rocks now denuded to form the mountain- . 
massive : for it bears many pronounced indications of alteration, when =~ 
examined under the microscope. Fe 


The rock is very finely textured ; and, at first sight, does not show 













any differentiation into phenocrysts and a ground-mass ; but, by careful 7 
illumination under low magnifying powers, faint traces of porphyritic- 
crystals in aggregates, may be just barely discerned, especially between 
crossed nicols. The remainder of the field of view, with the exception 
of the spaces occupied by the comparatively large amyegdales, is con- 
stituted by a ground-mass essentially similar in details to that of Regis- 
tered No. 543, presently to be described. | 
Bearing in mind the vicissitudes to which the material has been sub- oat 
jected, namely, to thermal metamorphism, followed by severe denuda- ESS 
tion and subsequent infiltrations of carbonated waters heavily charged 1 ee 
with lime from the later deposits of miliolite, it is not surprising to aaa 
find that the original amygdales, presumably zeolitiferous, should exhibit y “a ic 
complicated changes. Some of the smaller amygdales develop shells Sy 
of densely crowded ultramicroscopic particles and are filled with a pale: “¥ rr 
sea-green substance resembling chlorite, but non-pleochroic, and exhibi- “ain Py 
ting feebly illuminated radiating groups of fibres between crossed nicols, _s i E 
suggestive of serpentine. Others are filled with colourless plates of or a 
calcite, showing rhombohedral cleavage-traces, and iridescent greens . Tea 
. and pinks of a high order ; and these are sometimes crowded with pale- sees: 
yellow, non-pleochroic, monoclinic laths and irregular grains of what | -_ a 
corresponds optically with epidote. ‘ Oe 
ar +s 
ae 
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ye - Lastly, there are still more curious complications in the altered - i 
‘Structure of these amygdales, which are shown ny. the central ‘postion 


— Amygdales of Basalt. | ¥ Fig. ‘48, Plate XLVI. This ‘as amy- 


gdale, which is manifestly the result of 
the coalescence of two former vesicles, measures about }§ inch in length, 
by from 4 to 3; inch in varying breadth. It is constituted by an 
outer narrow light and a wider dark border of ultramicroscopic grey 
matter, inclosing a zone of aggregated’ microlitic grains of opaque black 
magnetite, deficient towards the smaller end of the amygdale.. Within 
this there comes an incomplete band of a light grey apparently amor- 
phous matter which Seems, however, to be in direct continuity with a 
somewhat similar sub-central patch; but this patch, between crossed 
nicols, displays a division into mosaics giving the optical reactions of 
chalcedonic silica ; while imbedded therein, there appear many monoclinic 


a pale-yellow laths of evidently epidote. An intermediate area is filled 


with a pale sea-green, non-pleochroic substance, which shows edgings 


/ _of radiating fibrils, of possibly strpentine, between crossed nicols. 


Recp. No. 543.—Fig. 49, Plate XLVII, is a photomicrograph 

taken from a thin section of the same lava-flow as No. 542, but irom 

iF : below the depth of 1o feet, where the 
Altered Porphyritic Basalt, from 


the Compact-zone of Bedded-lava amygdaloidal zone, just commences to 
_ subjected to Thermal Metamor- pass pradually into the middle or compact 


_ Eaves of the lava-bed. It will be noticed 
in the centre of the figure that an amygdale still persists; but a little 
lower down, the compact zone grows quite free from vesicles of any 
_ kind, and presents throughout, a structure precisely like that shown 


Kis ___ surrounding the amygdale in Fig. 48. 


To realise the general structure of the stone, only a low radgtbane 
power, will be found sufficient ;—as shown by Fig. 48, where the field 
bos Wisesnie el tha" Glamire.. OF view displays with great clearness the 
ee. Structure of Profes- marked distinction between phenocrysts 
and ground-mass. It will be noticed, in 


the picture that the phenocrysts, which in this instance consist entirely 


of large colourless crystals of elongated habit, have a tendency to collect 
into groups —the glomero-porphyritic structure of PRoFEssor JUDD. 

Between crossed nicols the triclinic crystals of felspar give, when rotated , 
extinction angles averaging 32°, and are therefore of the variety called 


medium labradorite. 


PLATE LII. 





Regd. No. 186.—Fig. 54.—Hypocrystalline Rhyolite. 


Centre of 20 {t.-high Dyke, | mile SW. of Nagka. 
Resoloed by Watson AND Sons § race Objective, 0°94 Wueerical Aperturr. 


Amplified 50 Diameters. 


S.—Incipient spherulites, showing traces of radiating fibrous structure.—Mmp.— 
Crystals of felspar intergrown with quartz in form of excessively fine 
micropermatite, Which can just barely be discerned with this power, 
Q.—Subordinate mosaics of clear interstitial quartz. A.—Decayed elong-: 
ated rods of pyroxene. The crystals and granules of opaque black 
magnetite observed elsewhere, have been oxidised into rust coloured 
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microlitic laths, which give an average extinction angle of 23°, and 


are therefore of the nature of acid labradorite verging upon andesine. — 
‘The interspaces left by this fine meshwork of felspar laths are crowded 
with diminutive granules of colourless augite (diopside) associated — 


‘with a fairly equal proportion of minute grains and ageregated grains APA, ay 


of opaque black magnetite ; while there also occurs a small residuum — 
of greyish isotropic glass. 


' _ Peculiarities obtain in the sporadic occurrence of small, imperiectly 
developed endomorphs of diopside.in some of the felspar phenocrysts, 
in the presence of a few sub-spherical amygdales and in the formation _ 
of a kind of cloudy grey reticulum, which pervades the ground-mass 


irregularly, and owes its singular appearance to closely packed granules 





of augite, unaccompanied by particles of magnetite. This segregation rae 


of augite granules can just barely be resolved by the use of a one inch 
_ objective with an amplification of at least 50 diameters. 


The central amygdale depicted in Fig. 49, Plate XLVI, points to the 
circumstance that the specimen was taken from the upper part of the 
central zone of the lava-bed ; by reason of the fact that vesicles or steam 
are confined to the superficial portions of each lava-flow, and —— 

3 il y decrease towards the middle of the mass. The sub-spherical 
waynes in Fig. 49, shows a greyish granular border of almost utrami- 
croscopic particles of augite (diopside), passing inwardly into a zone of 
pale yellow granules of, probably, epidote. Next comes a light- “grey 
crenulated zone of minute granules of, presumably, more augite ; while 
the core of the structure is occupied by closely crowded minute particles 
of opaque black magnetite. The rock may therefore be styled an 
‘ Altered Porphyritic Basalt,’ and dates back to the earlier days of 
fissure eruptions of the Deccan-Trap Period. 


Recep, No. 306—Fig. 50, Plate XLVI, by reason of its pecu- 

liar mode of occurrence,* may be described as a ‘ Fissile Amygdaloida] | 

Basalt." How the fissility,-which lies paral- 

Fissile Amygdaloidal Basalt. lel to the bedding, originated, must, for 

the present remain an enigma ; but, when 

examined with a low magnifying power, thin sections show an alter- 
nately coarse and fine arrangement of the mineral units. 





* Vide wf supra, * Narrative Report,’ p. cix. 
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No marked distinction between phenocrysts and ground-mass is 


"observable in the photomicrograph, Fig. 50; but, in other parts of the 


same preparation, a few larger colourless 
Prof Rosenbusch's * Intra- 
ace’ ced roe tale gS laths of triclinic felspar—medium labra- 


a Perma dorite-—may be detected, and. perhaps, 
dignified by the name of phenocrysts of actual infratelluric consolidation. 


, These larger laths, which are few and far between, measure’ from jis 


to +. inch in length ; whereas, the microlitic laths, also of colourless 
laboradorite, assume slender forms which rarely exceed =<; inch in 


length, but are much oftener only =, inch long, and doubtless represent 
PROFESSOR ROSENBUSCH’S effusive period of consolidation. 


Wedged in between the meshes of the felspar laths, are repulak 
patches of almost ultramicroscopic ees ne brownish angite. These 
ageregates, sometimes measure as much as ;=4, inch across; while 
the individual granules average about ;As, inch in diameter. Opaque 
black See in minute octahedra and larger compound crystals,— 
from ;4; to =*, inch across, are comparatively conspicuous in this fine 
texture, and are freely disseminated throughout the field of view. 

Amygdales occur only occasionally, and are usually discoid, and 
occupy positions more or less parallel with the planes of fissility. One 
of these is shown in vertical section at A, Fig. 50, Plate XALVIII ; and 
exhibits a very finely fibrous structure, with a dark brownish crenulated 
border of inwardly radiating, and a lighter core of greyish fibrils, feebly 
refringent and otherwise indicative of its zeolitic character. 

Recp. No. 256.—Fig. 51, Plate XLIX.—Without observations 
in the field it would be difficult if not impossible, from hand specimens 

Highty Altered Compact Basait:-— ©" &VeD from thin sections to indicate 
the Result of Chemical Metamor- the affinities and true nature of this 
ese singular rock, the mode of occurrence 
and locality of which have already been recorded.* It forms an exceed- 
ingly thick stratum of strangely altered bedded-lava, underlying deposits 
of consolidated shell-sand,—raised beach,—of the Dwarka Group, by the 
side of the sea-shore on the SW. side of Bhavpura, and may be considered 
to furnish an example of chemical metamorphism, due to the perco- 
lation of both salt and fresh water through the overlying calcareo-siliceous - 
beds, to react upon the lava below. 


Exposed at a depth of about 5 feet from the surface, by a recently 
sunk well-shaft, the stone exhibits all the characteristics of the compact 


* Vide wi supra, ‘ Narrative Report,” pp. xevi,ci. 







PLATE LIII. 





Regd. No. 180.—Fig. 55.—Micropegmatitic Rhyolite. 


Centre of Dyke, Paria Dhar, 4 mile E. of Bawawao. 


Reso lped hy VW iTSON AND Sons’ A mo GCijechive, ot Nnmeritcal ol fe Fire. 
Amplified 50 Miameters. 

Practically a sub-bolocrystalline texture, composed essentially of - Mp.—AMicropeg- 

rmimbitic crystits rh) | felspar barely resolvable as such under this power, 

Q.—A very subordinate proportion of mosaics of clear interstitial quariz. 


.—Incipient spherulites exhibiting radial fibrous structure, A —Jrregulas 
plates of dusky brownish-green suegrite:, A'.—Dusky brownish green 

The opaque black orystals and 
#ranules of magnetite disseminated throughout the field, are too minute 
to be indicated by lettering. 


crystals of pyroxene of elongated habit, 
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safe pods See GGA eek lave Ts SR amygdaloidal 
es paren appears to haye entirely succumbed to denuding agents. 
uent deposition of Dwarka shell-sands, or arenaceous lime- had 
° si upon | this substratum, and the infiltration of carbonated salt and see 4 < 5 
fresh waters through them into the underlying bedded-lava, has been 
effectual in converting the latter into a soft brown to bluish-green and hs 








ash coloured clay, with the exception of rows representing the nuclei of eS ‘ rel ; 
former spheroids. These nuclei are also changed to an ashy or bluish- as A ced. 
green colour, but preserve their hardness sufficiently to enable thin ~o 5 ae 


"sections to be readily prepared. The rock may therefore be correctly 
called a ‘ Highly Altered Compact Basalt.’ 


Excessively fine i in texture, a magnifying power of at least 50 diame-. 
ters will be found necessary to resolve the mineral units of the wee 
There are many sporadic irregularly shaped elongated spaces from 4;to- 
+. inch long, filled with a feebly refringent, granular, green alteration» 
product, studding the field of view. These are bounded by a_ brighter 
green, almost isotropic crenulated borders; and the whole structure 
is surrounded by more or less colourless unindividualised glass, resembling 

‘ courts of crystallisation.’ In consideration of the fact, that the altered 
nuclei of spheroids, from a sample of which No. 256 was sliced, unques- — 
tionably belong to the compact zone of the lava-bed, these green bodies, 
can scarcely be regarded as altered amygdales ; but are more likely to be =, 
the chemically metamorphosed representatives or pseudomorphs of AN 
former felspar phenocrysts. If so, the bulk of the rock consists of a deli- a 
cate andesitoid ground-mass, which, from the examination of many 
thin sections, does not appear to show signs of change, and is constituted 
by :—(#).—Colourless, microlitic laths of triclinic felspar,—basic labra- 
dorite,—measuring from =<; to =, inch in length. (#).—Irregular 
ageregates. of greyish to colourless prqnules of augite, the individual 
granules of which average less than ;4, imch across. (i) —Diminu- ~ ie 
tive octahedra and granules of opaque black magnetite, about mi, 0 9° 
inch in diameter. (v).—A small proportion of colourless, — residual, at 
isotropic glass, filling up interspaces. | 

Recp. No. 235.—Approaching Waddla, about roo yards or so 7 
on the E. side of the town, there is an eminence of large blocks 

of a dark ‘black stone, which exhibits the = = = 

* chanel Cae eat amgedsien unusual peculiarity of flow-structure by a 
the presence, at irregular intervals, of — — 

discoidal zeolitiferous amygdales, measuring from the fraction of an | 
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Etech: to over an inch in diameter, but seldom exceed ing ; 
inch im thickness. The stone is exceedingly tough a  ehoreaye 


Ri textured, but so splintery as to be of little value, save for road-metal. 


It is here specially noticed on account of its uncommon fissility, which — 


points to the consolidation at the earth's surface of a particularly mobile; = 


and therefore decidedly basic lava flow. 


= 


Optically examined, thin sections show a few elongated laths of - 


colourless triclinic felspar, seldom exceeding + by =~ inch in dimen- 


sions, and giving the extinction angles of basic labradorite and by- 


towrite. Numerous microlitic laths of a less basic labradorite, from 


4. to< inch in length, and trending more or less in one direction, 
constitute the dominant feature of the ground-mass, the interspa 





of which are filled by aggregated granules of greyish augite, each about 
Tone inch ‘across, and minute octahedra and compound crystals: of 
opaque black magnetite, <=, to ¢<; inch in size, in almost equal 
abundance. A very small proportion of residual glass can barely be 





z identified with high magnifying powers brought to bear upon extra 


ing Stem-like Amygdales. 


thin parts of the preparation ; while there also occur a good many ill- 
‘ defined, dusky-greenish crystals, about 4, by + in average size, 
of olivine. The reck may therefore now be correctly registered as a 


‘ Fissile Amygdaloidal Olivine-Basalt.’ 
Reep. No. 232.—This specimen is of comparatively rare occur- 
rence in Porbandar State, although plentifully in evidence else- 
where in the Province of Kathidwdr. It 
Laterised Amygdaloldal Ollvine- represents the lowermost or contact-zone 
a ee etic Of a lava-flow, which origitially happened 
to pass over the cold surface of a previously 


a : ; consolidated bed, in the presence, in this particular instance, of a super- 





abundance of moisture. The primary effect of this passage of molten 


material over a moist chilled surface has been to cause jets of steam 


to be forced vertically upward into the consolidating lava-fiow, with the 
result that elongated and frequently branched cylindrical vesicles are 
formed, which ultimately become filled with secondary products and 
thereby give rise to a series of sub-parallel, vertically disposed, stem-like 
bodies homologous with the amygdales of the upper or superficial zone 


of the lava-flow. 


Contact metamorphism in this case, accompanied by the presence 
of an excess of moisture, has caused a reaction analogous in all respects 
to incipient laterisation, so that the substance of the stone has been 












PLATE LIV. 





Regd. No. 154.—Fig. 56.—Fine-textured, Densely- 
Black Basalt. 


Half-a-mile NW. by WNW. of Bakharla. 
Resolved by WaTsox ann Sons’ 1 inch Objective, o'21 Numerical Aperture. 
Amplified 30 Diameters. 


An excessively fine textured field of view is here shown in which the dominant mine- 
ral consists of microscopic laths of colourless triclinic felspar,—medium 
labradorite, all belonging to the effusive period of consoldation ; 
for, there are no phenocrysts, Wedged in between these variously 
orientated laths, are aggregates of very small granules of pale brownish- 
grey augite; while equally diminutive crystals and irregular grains of 
opaque black magnetite are plentifully scattered throughout the feld-of- 
view. By careful examination a small proportion of colourless to pale 
greyish-brown isotropic, residual glass may be detected filling interspaces, 
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green silicide of iron, give to the rock quite an ornamental app i 
. This does not presuppose, however, that the material can be utilised 





* in any way on a commercial scale, simply because these lower or contact — 


zones scarcely ever attain to more than a few inches in thickness, and 
are moreover prone to part into small pieces upon being handled. 


The stem-like amygdales, as they are usually called, are generally 
branched, and but a few inches in length at the utmost. They give 
circular, ovoid and irregular transverse 

Peng of the Stem-like Amy@” -ections; and, in this instance, show 
zeolitic aggregates of a milk-white colour 

in bulk by reflected, but colourless and pellucid when viewed by trans- 
mitted light. Under the microscope, the contents of the amygdales 
appear in form of a mosaic of allotriomorphic, colourless crystals of 
fibrous structure, and giving straight extinction when rotated between 
crossed nicols. They are therefore of the varicty mafrolite ;—a hydrated 
silicate of sodium and aluthinium, which belongs to the orthorhombic 
system ; but shows no visible bisectrix or optic axes in a cleavage flake. 


The substance of the rock itself has manifestly undergone changes 
due to contact metamorphism and the presence of much moisture, for 
it may be seen to consist ti) —Of minute laths of colourless triclinic 
felspar—medium labradorite, 3; 08 inch in mean length. (1i).—Sporadic 
crystals of olivine, frequently ;+ inch long, heavily indued with red 
ferric hydrate. (iii). —Aninterstitial brick-red, nearly opaque substance, 








of the nature of hydrous silicate of alumina and also perhaps of a simple 


hydrate of alumina, deeply stained with ferric hydrate. This, in effect, 
is identical with the natural process, known as /aterisahon, with special 


reference to volcanic rocks, and has clearly been brought about at the — 
expense of the augite and magnetite of the compact, finely-textured 


basalt that would otherwise have been formed. 


Occurring several feet irom the surface of a newly sunk well-shait, 
3 mile W. by WNW. of the town of Morwara,* this lowermost zone of 


the lava-flow, although of frequent occurrence, is only rarely met with 


in a condition coherent enough to admit of being sliced for microscopical 

examination, except by excavation : for when laid bare by subaenal 

denudation or the erosion of rivers and streams, it very rapidly disin- 
+ of. uf supra, * Narrative Report," p. xe. 


Sena dr gtcicbaed Sakur “while. the Sylindriea zeabvectically dis= | 
posed vesicles, filled with white zeolites, bordered by rims of bright co 
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tegrates gatvcrarables to pieces upon being handled. This specimen 


may therefore now be named a ‘ Laterised Amygdaloidal Olivine-Basalt 
of the Contact-zone.' 


Recp. No. 198—* Opaque Black Tachylyte ’.—In his admirably © 
arranged handbook Dr. HARKER, the present President of the Geologi- 
cal Society notes* :—"' The name tachylyle 

ine, bree eg aa is commonly employed to cover the 
glassy representatives of both the basalts 

and the pyroxene-andesites, besides other basic glasses richer in alka- ~ 
lies; '’ and again, + “‘fachylyte, is of very limited distribution, being 
found commonly as a very thin crust on some lava-flows or a narrow 
sélvage to basalt-dykes. It consists of a brown or yellow glass densely 
charged with a separation of magnetite. This is sometimes in globulites 


disseminated through the glass so as to render it almost opaque, or 


collected in cloudy patches (cumulites) ; at other times it forms trichites 
or crystallites of minute size. Perlitic structure is less common than 
in the obsidians. Interesting spherulitic structures are met* with in 
some examples. When distinct phenocrysts occur abundantly in the 
glassy ground-mass,we have what is called the ‘vitrophyric’ structures. 
The basic glass is subject to alteration, probably involving, as a rule: 
hydration and other chemical changes, 
Palagonite or Altered Volcanic byt the resulting substance, known as 
— palagonile, is still an isotropic glass; 
—yellow, brown or sometimes green in sections.” 


The sample under consideration was detected forming a thin crust, 
scarcely exceeding one inch, adherent toa fairly fresh zone of compact 
bedded-lava at its contact with an underlying bed of decayed amyg- 
daloidal lava,t situated in the dry channel of the river Wartu, about 
350 yards N. of the village of Morina. The material was found, to 
resist being reduced into sections thin enough for microscopic examin- 
ation, and remained opaque even at the thinnest edges, so that it could. 
only be viewed by reflected light, which revealed faint traces of a poly- 
gonal mosaic, studded with a few small circular sections of a white to 
yellowish semi-transparent, feebly refringent substance, probably re- 
presenting altered spherulites, and patches of whitish ill-defined forms, 


which are likely @ be the relics of former crystals. 








ss ‘Petrology for Stodents,' Fourth Edition, Revised, Cambridge, 1908, p. 210. 
7 Op. cit, p. WT. 
+ Cf. uf ewpra, ‘ Narfative Report’, p. bxxvii, 


PLATE LV. 





Regd. No. 213.—Fig. 57.— Cleaved Compact Basalt. 


Well-shaft, 500 yards E. of Sisii. 
Resolved by WaTson AND SoxS' § inch Olvective, 0-34 Numerical Aperiure. 


Amplified 50 Diameters. 


Of somewhat coarser texture than the specimen No. 154, but of essentially similar 
structure. F.—Minute laths of colourless trichmec felspar,—medium 
labradorite. A.—Aggregated granules of pale brownish-grey augite, 
wedged in between the felapars. M.—Well-defined small crystals and ir- 
regular grains of opaque black magnetite, plentifully represented through- 
out the field of view. All the mineral units are im a perfectly fresh, f.#., 
unaltered condition. A residuum of isotropic colourless to pale brownish 


glass can be detected in interstitial positions. 
f 
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In other parts of the Province, many good PRE mples of ee, , 


have been met with, both at .the contact planes of lava-flows, and 
as selvages to small dykes of basalt ;* and doubtless, diligent 
searching among the bedded-lavas and dykes of the northern-districts 


of Porbandar State, would be rewarded by the discovery of their a 


presence in more typical development. 


Other phenomena in connection with the contact-zone of lava | 


flows, although they have not been located in Porbandar State, are of 
- frequent occurrence among the bedded- 

indurated Laterite and Bole. lavas of the Province;—notably by the 
formation of thin brick-red bands of 

indurated material, like laterite, and of thicker beds of bolet;—both of 
which are manifestly produced by the passage of a lava-flow over beds 
of previously consolidated lavas, the surfaces of which have been de- 


composed into more or less soil. This basaltic soil, saturated with 


meteoric water and then baked to redness by the heat of overflowing 
molten material, was first observed and deseribed in connection with 
the lava beds of Mount Etna nearly sixty years ago.? 


This naturally leads once more to thesomewhat perplexing subject _ 


of the origin and true nature of the many varieties of laterite found in 

Porbandar State ,of which detailed records 
Laterites of Porbandar State of the have already been given.§ Thin sections 

under the microscope do not reveal much 
more information than what can be gathered by observation in the 
field, except by demonstrating the precise nature of organic limestones, 
which by their presence in proximity to laterite formations, have become 
so heavily impregnated with ferric hydrate as to be mistaken for the 
laterite itself. These, in the form of a shelly conglomerate, probably 
belonging to the base of the Dwarka Group of beds, and of what appears 
to be the remains of a deposit of miliolite overlying the shelly conglo- 


merate, are registered as Nos. 246 and 247 on thelist of the State Geolo- — 


gical Collection, and are prominently exposed by the roadside, 2 miles 
SSW. of Wadala, en route to Tukra. 





* Anveg, * Memoir on the Economic Geology of Navinagar State,’ Bombay, 1914, 
pp. 98-100 ; Plates XV-XVI. 

+ ApvE, Op. cit. pp. 56, 87, 58. 

+ Sm Cuances Lrew, Philosophical T'ransactions of the Koyal Society, London 
1858, p. 711. 

& Vide wi supra, pp. 25-32 ; and especially p. 41. 
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i " Aur en ; 
pr , NE, side os the 5 iene 
ey the laterite, cuiaae in Ae. solid blocks, presents quite 
of aT tel a, unique and apeaggirite) appearance, | 
it tnftratio 4 Limonitie: ™anifestly due to the ng up-of ite>)  * 
wa vesicles, with infiltrations of limonitic--— Ss Xe ~ 
limestone derived from Gaj beds which = 
were formerly deposited upon the submerged laterite in Miocene times. 7M i | 
When cut and polished,the surface of this stone presents a mottled es 
appearance of déep brick-red patches, bound together by pale to bright fy 
yellow areas of interstitial matter. Sections cannot be ground -thin 
_ enough to enable the latter to be resolved, under high magnifying powers, 
into infinitesimally minute granules of amorphous limonitic lime, plates 
of calcite and small crystals of dolomite,so characteristic of the micros- 
__ eopic structure of the Gaj limestone deposits ;* but, by reflected hght, 
the yellow areas may be clearly seen to be of the character of infiltrated 
matter deposited as concretions around the patches of brick-red laterite. 
~ and collecting in the interspaces, into diminutive concretionary spheres. 
This specimen, by reason of its ornamental character and probable 
commercial value, has been given the specific name of * Tukralite.’ 


Recp. No. 278.—It is well-known that when laterite disin- 
_ tegrates and is drifted down to lower levels, the clastic particles, have 
a strong tendency to cohere into solid 












Low-level Laterites. structures resembling a conglomerate, which 
We Sen moreover catch up and incorporate ad- 
gf *. -ventitious particles of sandy quartz and other minerals to form the so- 


~~ ———s called Jow-level laterites.t The specimen under consideration, however, 
_ does not, as at first sight, appear to conform to this category ; for, upon 
careful examination of thin sections under the microscope, they show 
re evidences of an originally laterised basalt, having undergone subsequent 

ees ; ‘internal re-arrangements of its component parts, ¢.g. :—The segregation 
Pa ie: of interstitial hematite and of a general diffusion of limonite ; while 
eG the vacuoles are filled with a whitish clay which is liable to lose its silica 
a through the percolation of meteoric waters, 
ae :. Bandits or Alundaiamcore. and to accumulate into patches of alu- 

a's | minium hydrate, commercially known under 
_ . the name of dauwxtie, as one of the best ores of aluminium. 


ie 


In No. 275, the aluminium hydrate segregates into concretionary 


Be. "7 
~~ Ah eee as. Oe 
2 Ke * Of. postea, p. 143. 
Sate P. . + Cf. * Manual of the Geology of India,’ 2nd Edition, Calcutta, 1893, p. 273. 
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Fig. 58.—Pindaralite, from the Original Site. 


Quarter-mile S. of Pindara Village. 
Amplified 35 Diameters. 


O0.—Pseudomorphs, in mosaics, of colourless recrystallised calcite, of various 
organic remains, proper to an estuarine-marine habit, under tranquil] con- 
ditions of sedimentation. L.—Particles of laterite decomposed into opaque 
black, deep brown and reddish patches of oxides and hydrates of iron, 
C.—Microgranular matrix of particles of amorphous calcite stained yellow 
with limonite. Under higher powers the matrix may be seen to consist 
of irregular granules and clear crystalline mosaics of calcite, with a few 
minute rhombohedra of dolomite. 


Fig. 59.—Upper Semi-Circle.— Orbitoidal-limestone. 


Two and a half miles S. by SSE. of Pindara. 
Matrix Amplified 240 Diameters. 


From a camera-lucida sketch by E, HOowagD Apve, F.G. 5., ete. 


D.--Micro-rhombeohedra of colourless,zoned,nucleated and sometimes skeleton crystals 
of dolomite, more or less deeply etched with ruddy-brown hydrate of iron. 
¥.—Irregularly shaped granules of amorphous,—precipitated— calcite, 
stained yellow with limonite. €.—Mosaic of colourless secondary calcite, 


Fig. 59.—Lower Semi-Circle.—Limonitic-limestone. 
Bed of Karipat Vokala, 2 miles NE. of Bhogat. 
Matrix Amplified 150 Diameters. 


This specimen is crowded with the remains of micro-organisms. F.—Tesis of 
Foraminifera, (Xofalide), with loculi, C’., filled with recrystallised calcite. 
C.—Mosaic of colourless interstitial secondary calcite. Y¥.— Patches of 
granules of amorphous calcite stained yellow with hydrate of iron. L.— 
Rounded and irregular patches of opaque black or ruddy-brown decom- 
posed laterite. 
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spheres of practically isotropic matter of.a whitish colour, and gives 
to the rock-mass its character as a ‘ Piso- 
Pisolitic Laterite. litic Laterite." These spheres, frequently 
as large as peas, usually vary in size from 
about +, to } inch in diameter, and are freely associated, in the vacuo- 
lated mass, with other irregularly shaped particles many of which, by 
their interference tints, point to their nature as silicates of alumina; 
while a few show signs of basaltic structure by the presence of refringent 
colourless laths of presumably triclinic felspar, so much altered,perhaps by 
pseudomorphosis,that they do notgive extinctions between crossed nicols. 
When miliolites or other organic limestones are deposited in the 
neighbourhood of lateritic formations, and are subjected to infiltrations 
through the drift from the laterite, they generally become so thorough- 
ly impregnated as to closely resemble the laterite itself in hand speci- 
mens. Under the microscope, however, their true nature becomes 
instantly apparent ; for the organic structure of the stone,—its frag- 
ments of shells, foraminiferal tests, echinoid spines, etc., and binding 
mosaic of re-crystallised calcite all remain intact; but the ferric hydrate 
from the laterite will be found to have penetrated and been deposited, 
as opaque brick-red matter, into the smallest interstices, invading even 
the loculi of the Foraminifera and the formerly empty spaces of the 
calcified areolar tissues of echinoderms. 
Group IL—Light Lavas, Acid-Volcanics or Rhyolites. 


[ ~ XHAUSTIVE notes on the rhyolites of Porbandar State ;—their geolo- 


gical age, modes of occurrence, varieties and uses, have already 
| | been given in these pages; * but special 
Paces ar Aci Nowanies OF reference may once more be directed to the 
differences that subsist between these acid 
volcanic or eruptive rocks and the felsites of hypabyssal origin,+ both 
of which have about the same silica percentages. It therefore now remains 
to place on record, a few descriptions of typical varieties of the group. 
Recp. No. 190.—The mode of occurrence of this, the only 
glassy type of rhyolite——called ‘ Obsidian’ after Opsrpvs, who dis- 
covered it,—as the apophysis of a branched 
Coal-black Obsidian. dyke, is clearly shown, in sifu, by the erod- 
ed exposure of a mala, near the village of 
Nagka, reproduced in these pages from a photograph, as Fig. 11, Plate 
* Vide ut. supra, pp. 32-38, he 
t Jbidem, p. 31. 
18 
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[X. The vein—for it is little else—of coal-black volcanic-glass, 1s per- 
yvaded by countless cracks, which render it difficult to obtain even small 
-lices sound enough to survive the process of grinding upon a lapidory 
machine: but by dint of perseverance, these were secured, and thin 
sections prepared for microscopic examination, from which the 
photomicrographs Fig. 52, Plate L and Fig. 53, Plate LI, were taken. 
The intimate structure of the stone,—which is of no commercial 
importance, but of some scientific interest—is sufficiently explained 
below the figures on the abovenoted plates. 


Recep. No. 184.—An advance in structure upon the obsidian 

is shown by this specimen of a typical brown-grey rhyolite, which has 

| ik evidently acquired its colour through 

aan cr idhirane prolonged sunbaking. The stone occurs 

exposed in form of a brqad low dyke, § mile W. by WSW. of Nagka, 

and exhibits strongly marked traces of flow-structure towards its edges 

even to the naked-eye, by the rough pseudolamination of its 
Surtace. 


Under a magnifying power of about 50 diameters, the field-of-view 

shows a cryptocrystalline matrix, crowded with crystallites and microli- 

_ tes, more or less sub-parallel and trending 

richer —Longulites = and in one direction—the direction of flow 

of the formerly molten lava. The cry- 

stallites are in the form of Jongulites, occasionally resolvable into mar- 

garites ; while the microlites appear to be more highly differentiated 

units of the same sort, but giving indications of their nature as some 

variety of pyroxene, accompanied by separations of granules of mag- 
netite, which are also freely disseminated throughout the structure. 


Between crossed nicols, the cryptocrystalline matrix reveals its 
compound character, as an intimate intergrowth of felspar and quartz : 
and also shows sundry patches of mosaics of clear, colourless crystals of 
secondary quartz. 


Towards the centre of the dyke, the flow-structure is not quite 

so apparent to the naked eye. The stone shows a columnar structure 
with spheroidal shrinkages, and being 

Special uses of Rhyolites. easily available in sound blocks of large 
sizes, capable of being readily tooled 

with native implements, might be profitably utilised, as in the United 


PLATE LYVIT. 





Fig. 60.—Orbitoidal Limonitic-Limestone. 
Same Site as Specimen shown by Fig. 59, Lower Semi-Circle. 
Amplified 25 Diameters. 


Deep-yellow, compact but coarsely textured Criay iimeanitic-limestence, crowded with 
the calcareous tests of:—O.— Ortitcides, sp., which exhibit a large central 
chamber, surrounded by sub-circular, median and superficial chamberlets, 
L.- Fragments of nullipores or caleareous Afro,-Li/foffannion, G.— 
Matrix of the stone constituted by the fragmentary remains of a vast 
variety of marine organisms, cemented together by colourless mosaics of 
secondary calcite, amorphous calcite in granules stained yellow with 
hydrate of iron, and decomposing particles of laterite as shown in greater 


detail by fig. 59, Plate LVI, Lower Semi-circle, T.—Jertularic. 
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States of America,* especially as the light and dark browns, fawn-colours 
and greys of the rhyolites would afford a novel and pleasing contrast 
to the sombre hues of the basalts and other basic volcanic rocks now so 
extensively employed ; while the wastage together with the abundant 
angular shingle commonly found on the slopes of the dykes could be 
broken to gauge for road-metal, superior in durability to the sedimentary 
rubble now so largely used in the State. 


Recp. No. 186.—This specimen, which was taken from the 

central portion of a high dyke, the edges of which displayed marked 

flow-structure, identical in character with 

Hypocrystalline Bhyolite. that described immediately above, may 

be correctly named a * Hypocrystalline 

Rhyolite ', inasmuch as the mass shows a strong tendency to the for- 

mation of crystals when thin sections are examined under the microscope 

with transmitted light, as shown by Fig. 54, Plate LIT, which is empha- 
sised between crossed nicols. ; 


The stone, which occurs in large columnar blocks, is sumbaked at the 
surface to a purplish-brown hue; and, to the naked-cye presents a 
compact, uniformly fine texture ; but there can be no doubt, that when 
blasted, the perfectly fresh material as elsewhere,t would assume a 
good grey tone, and being easily available in large quantities, could be 
profitably utilized for building purposes. 


Incipient crystallisation is indicated by frequent spherulitic forms : 
while, especially with polarised light, many outlines of felspar crystals 
may be vaguely identified ;—showing 
Spherulitic Rhyolite. under powers of roo diameters or more 
| an almost ultramicroscopic intergrowth 
with quartz, identical with an excessively fine micropegmatite. Free 
quartz is also sporadically represented by secondary mosaics occupying 
interspaces, while slender elongated crystals and spicules of pyroxene 
and numerous grains of magnetite are scattered throughout the field 
of view. The rock, as might be expected from the above optical deter- 
minations, is considerably tougher and stronger than those portions 
which exhibit flow-structure and are of altogether cryptocrystalline 
structure, 





* Vide wi supra, p. 36. 
{ Portes, p. 136, 
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Recp. No. 180.—By reason of its dominant constituent in the 

form of a sub-holocrystalline structure of micropegmatitic felspar 

crystals, this specimen, from the compact 

Micropegmatitic Rhyolite. central part of the large dyke called 

Paina Dhar,* may be correctly styled a 

‘ Micropegmatitic Rhyolite.’ The exposed stone does not happen, in 

this instance, to have been much affected by atmospheric reactions, 

for it maintams its fresh grey colour, being merely tinged at places with 
purplish hues due to sunbaking. 


The micropegmatitic character of its small felspar crystals, which 
are probably of the nature of sanidine, can only just barely be discerned 
under a magnifying power of 50 diameters : but with powers of from 
100 diameters and more, becomes plainly manifest. These crystals, 
however, although forming the main bulk of the stone, are occasionally 
replaced by incipient spherulites, with radiating fibres :-—as shown by 
the reproduction of a photomicrograph, S., Fig. 55, Plate LITI. 

In this section, moreover, the ferromagnesian constituent is clearly 
represented by pyroxenes, in the form of abundant, irregularly-shaped, 
tabular, dusky-green crystals of augite, and slender, smaller crystals of 
elongated habit of the same mineral : while the opaque black magnetite, 
occurs only in infinitesimally small specks and granules, frequently 
decayed to a brown colour, and scattered throughout the field of view. 
Free quartz is very sparingly represented, filling small interstitial spaces 
in the form of clear, colourless mosaics, at irregular intervals. 

Group II.—Dark, Basic-Voleanics or Dyke-Rocks. 

onowne closely upon the eruption and consolidation of the dykes 
and lava-flows of rhyolites, and probably heralding the cessation 

of voleanic activity in the Province of Kat- 

oo Pent oF Bake- hidwar, during the Lower Eocene age, 
there are many gigantic basic dykes which 

traverse the countryside, more or less latitudinally for several miles in 
unbroken continuity ;+ but it is doubtful whether more than a very 
few of the long low and often underground basic dykes of Porbandar 
state belong to this category. Among these, the Kunwadar-Majiwana- 

* Of. uf supra, ‘ Narrative Report,” pp. bevii-lex, 

T Apre, * Memoir on the Economie Geology of Navinagar State," Bombay, 1914, 
Pp. 77, ef sequentes, . 





PratTe LVIII. 





Regd. No. 148.—Fig. 61.—Consolidated Shell-sand. 
Light Variety, E. slope of Bhado Dhar. 


Resolved by WATSON AND SONS 1 tach Clypective, o'21 Namerical Aperture 
Amplified 30 Diameters. 


C.—Plate of colourless calcite forming a unit of the secondary mosaic. 


C.—tCalciie 
plate showing twin lamellae. 


L.— Irregu lar patches of translucent brown ; 
probably ferric hydrate derived from the decomposition of clastic frag- 
ments of laterite, F.—Recalcified tests of Foraminifera, — Peneroplis sp.? 
F’.—Recalcifed outline of test of foraminifer,—Aofalia sp.?—M.—Opague 
black iron-ore, probably separated from laterite, E.—Calcified areolar 
tissue of echinoids. E’.—Echinoid tissue converied into oxide of iron. 
M’.—Acicular fake of colourless muscovite. Q.—Small angular grains of 
quartz. X.—Centre of field-of-view, shown more highly magnified by 
Fie. 62. 
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Sisli dyke,* may be specially noted as likely to have been extruded from 
a focus in the Barda Group of hills. There are many subsidiary dykes 
however, of dense-black basalt, which run for comparatively short 


distances, and evidently belong to a period of greater antiquity ;—the , 


age of fissure eruptions which resulted in the formation of the bedded- 
lavas. 


These dyke-rocks, of whatever age, are of excessively fine texture,and 
generally so closely jointed as to yield small polyhedra, with individual 
spheroidal shrinkages, which can be readily 

Texture and Structure of Basic broken into an angular shingle suitable 
ide fos for road-metal, at small cost, and only 
inferior in durability to fresh granophyres of the highest grades. Mic- 
roscopically examined they present the intimate structure a Nae 
by Fig. 56, Plate LIV and Fig. 57, Plate LV. | 


Recp. No. 154.—An excessively fine-textured, densely black 


basalt, which outcrops in form of a 20 feet wide dyke cutting 


through the bedded-lavas, } mile NW. — 


Densely Black Basalt of Bakharia, by WNW. of the village of Bakharla. Its 

locality and mode of occurrence have 
already been registered, so that it now only remains to give a description 
of its microscopic structure, in support of the claim that the stone is 
admirably adapted for use as a superior and long-lasting road-metal 
suitable for macadamising heavy-traffic highways. 


Of uniformly fine texture throughout, and without phenocrysts, 
the mineral units, all in a perfectly fresh condition comprise :—(i).— 
Variously orientated micro-laths of colourless triclinic felspar—medium 
labradorite —simply twinned, by reason of their minute dimensions 
which rarely exceed + inch in length. (ii)—Wedged in closely 
between the felspar laths, are aggregates of brownish-grey granules 


of augite ;—infinitesimal in size. (iii)—Liberally scattered throughout - 


the field-of-view, come diminutive crystals and grains of opaque black 
magnetite, seldom more than <*; inch across. (iv).—With high 
powers and extra thin sections a very little residual isotropic glass can 
be detected. 





® Vide wi supra, * Narrative Report,’ pp. xxiii, xxv, Lxxxii. 
+ Ut supra, * Narrative Report," pp. lv, lvii. 
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, Recp. No, 213.—Forming part of the comparatively narrow 
| but far-stretching dyke of compact black basalt, which can be traced 
<2 “intermittently aboveground in Porbandar 


Taha ahaa ice ga State from Kunwadar vid Majiwana to the 

: boundary beyond Sisli,—a total distance 

of about 7} miles,* this specimen was taken from a section of the dyke, 

2 exposed by a well-shaft, about 500 yards E. of Sisli, where the rock had 

. manifestly undergone such intense lateral pressure, and was forced 

past sO many obstacles, as to become closely cleaved and contorted. 

It was therefore expected that the minute structure of the mass would 

be modified ; but upon the examination of thin sections under the mic- 
roscope, no signs of alteration could be detected. 


Figure 57, Plate LV, shows the reproduction from a photomicro- 
eraph of the rock, which, from its mode of occurrence, has been named 
a ‘Cleaved Compact Basalt.’ Of practi- 
Cae sa cally dense and uniform texture through- 
| out, the absence of phenocrysts points 
not so much to the circumstance of its consolidation entirely during the 
‘effusive period,’ as to its rapid cooling near the surface of the earth — 
for there are instances where the central portion of a large dyke exhibits 
a distinction into phenocrysts and ground-mass,—the ‘ intratelluric’ 
and ‘effusive’ phenomena of RoseNpuscu,—while the rapidly chilled . 
edges or contact parietes of the mass show no sign of two generations of 
any of the mineral units. 


It will be noticed, by comparison of Figs. 56 and 57, that the latter 
is somewhat more coarsely textured than the former ; but that their 
mineral constituents are essentially similar and in an equally fresh or 
Analtered condition. In the sample under consideration, the colourless 
triclinic felspar laths—medium labradorite,—occasionally show poly- 
synthetic twinning and measure from 1; to ;1, inch in length. The 
aggregated granules of brownish-grey augite are very clearly defined, 
but excessively minute—— to vss inch, The magnetite, in opaque 
black octahedra and irregular grains and compound crystals, range in 
sizes from mere specks up to about mc inch or a trifle more across; 
while the colourless or pale brownish-grey interstitial, isotropic, residual 
glass, is clearly discernible. The rock may thus be recommended as 
admirably adapted for the making and maintenance of rural highways. 














‘ * Fide uf supra, ‘ Narrative Report,’ pp. xxiii, xxv, Ixxxii. 


PLATE LIX. 





Regd. No. 148. — Fig. 62.—Consolidated Shell-sand. 


Light Variety, E. slope of Bhado Dhar. 
Resolved by Watson & Sons’ 


iM face Ohective, o°94 WVaowerical A periu Pi. 
Amplified 50 Diameters. 

C.—Plates of calcite forming units of the secondary mosaic. L.—IJrregular patches 
of translucent brown; probably ferric hydrate derived from the decom- 
position of clastic frag ments of laterite, F.- 
fer,--/raero Alig sp. ? F. 

filiasp.? E. Calcified areolar-tissues of echinoids, in E’, replaced 
by opaque black iron-ore, 


Recalcified test cf foramini- 
Recalcified outline of test of foraminifer,— 


M.—Opaque black iron-cre probably separat- 
ed from laterite. Q.—Small angular fragment of quariz, X.—Centre of 
feld-of-view. 
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| SEDIMENTARY Rocks | 139° 
PHYLUM D.—SEDIMENTARY ROCKS. 

(* EDIMENTARY ROcKS, Or rocks derived from the deposition of matter 
held in mechanical suspension or chemical solution im water, 
AA must be clearly distinguished from kind- 
Pos eit Porbandar 4 formations that have originated sub- 
| aerially ;—for both are represented among 

the economic stones of Porbandar State- 


For the sake of convenience, petrographers have classified sedi- 
mentary or aqueous rocks into four groups ; which, however, are not 
strictly distinct, but gradually pass from 
eee of one into the other :—(i)—Sandy, arena- 
| ceous, or usually coarsely grained detrital 
deposits. (ii).—Clayey, argillaceous or more finely textured detnital 
deposits. (iii) —Calcareous rocks, chiefly composed of carbonate of 
lime. {iv).—Pyroclastic rocks, or rocks of fragmental igneous origin. 
With the exception of certain calcareous and siliceous deposits 
euch as travertine, stalagmites and stalactites and siliceous sinters, etc. 
sedimentary rocks are essentially frag- 
Ph giochi ity Allothigenous mental or built up of clastic or derived 
Sedimentary nero a aa units from the wearing-down of previously 
formed rocks, and these are known as 
their allothigenous constituents. Subsequent to the accumulation of these 
units derived from a distance,—whether they are of the nature of organic 
remains or not—the clastic grains are usually more or less cemented 
together by secondary matter, either recrystallised or in an amorphous 
condition, derived from finely divided material deposited along with 
the grains, or from infiltrations, or dissolved emanations from the grains 
themselves. . These secondary materials are called the awfhigenous con- 
stituents of the stone-structures. 


In Porbandar State, the merchantable stones of sedimentary ongin 
are mainly of the nature of marine deposits, and these are principally 
Merchantable Stones of Sedt of a mixed character, t.¢., partly calcareous 
mentary Origin found in Porbandar and partly arenaceous, with clear evidence= 
a of pyroclastic additions; while the argil- 
jaceous group is only poorly represented by river mudstones, conglo- 
merates of river-terraces and a few lacustrine mudstones,—notably in the 
bed of the Khambdla Talav, and the potter's clays found periodically 
deposited by small streams and from ponds and dammed-up reservoirs. 
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In dealing with types of economic stones of sedimentary origin, 
it would be both more convenient and useful to follow on the lines of the 
Geological Record or succession of rocks, than to attempt to classify 
the numerous examples according to their chemical composition, or 
physical attributes. The groups of this phylum, will accordingly be 
considered as follows :—(i)—The Gaj Limonitic-limestone or Miocene 
Beds. (ii)—The Dwarka Beds ;—probably Post-Miocene to Lower 
Pleistocene. 


Group L—The Gaj Group of Beds. 

| | PON THE CEssaTIon of volcanic activity in the Province in early 

Eocene times, there are evidences to show that a period of violent 

. denudation must have supervened: e- 

The Gal Gromp of Beds in pecially throughout the regions of the 

Boy eur espe shaders. south-western San ‘westem 

coastal borderlands of the peninsula. It was doubtless at this juncture 

that extremes of solar heat alternating with such downpours of rain as 

had never before nor since been experienced hereabouts, combined 

to cause those superficial metasomatic changes in the then exposed 

bedded-lavas of the coastal borderland, which resulted in the formation 

of the laterite ridges and areas ;*—now such a conspicuous feature of 
the countryside. 

By the time that a gradual subsidence of the coastal borderland 


_ took place in the Miocene Period, (equivalent with the Gadj Group of 


Sind]), the deposits of detrital matter, mainly of a calcareous character 
would naturally become more or less heavily mixed with particles of 
laterite and indued with hydrate of iron ;—hence the prevailing yellow- 
colour of the Gaj Group of limonitic-limestones and conglomerates, 
The basement beds of the Gdj Group, being constituted mainly 
by littoral and occasionally by deeper sea deposits, present a series of 
both compact and loosely textured conglo- 
thee reared estate Sre"P merates and occasional coral reefs, which 
are fairly well represented in Porbandar 
State. The conglomerates are, as a rule, exceptionally rich in fossil 
remains ; and although of no commercial value in the stone markets, 
are nevertheless well worthy of the attention of palzontologists and 
collectors of museum specimens, which sometimes realise ‘ fancy prices,’ 
* Cf. ul supra, p. 41. . >See 


T So-called after the beds exposed by the banks of the Gadj river in Sind. Soe 
Memoirs, Geol. Surrey, India, 1879, xvii, p. 53. 


PLATE LX. 





Regd. No. 148.—Fig. 63.—Consolidated Shell-sand. 
Dark Variety, E. slope of Bhado Dhar. 


Resolved by Watsos & Sons’ 1 feck Obectroe, 0°21 Numerical Aperture. 


Amplified 30 Diameters. 


S.—Elongated rounded chips of shells of Afoilusca, showing traces of histological 
structure. M’.—Elongated rounded chips of shells of .Voffiweca, thorough- 
ly recalcibed, M.—Cementing mosaic of colourless secondary calcite, 
F.—Complete test, recalcified of a foraminifer,—ofalia, E.—Calcified 
areolar tissues of echinoids in rounded patches, indued with deep brown 
to black, probably derived from decomposed laterite. C.—Interstitial 
patches of colourless calcite showing cleavages and twin lamellx. Q.— 
Grains, angular, but sometimes slightly rounded, of clear colourless 
quartz, 
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Porbandar State. carefully recorded as follows :— 

Recp. No. 10q.—Underlying the finely-textured Gaj limonitic 
limestone of the pinddralite-type, at a depth of about 20 feet from the 
surface of a new well-shaft, on the N. side of the Dwarkadish Gardens, 
within the Bokhira limit near Porbandar City. The rubbly stone piled 
up in heaps by the well-sides, when weathered, can be seen to be closely. 
crowded with both casts and true fossils of a very varied description, 
chiefly of the shells of Mollusca, echinoderm spines and tests, fragments. 
of Polyzoa, corals and a host of other marine Miocene organic remains, 

Under the microscope, especially in the 
Microscopic Fossil-remains found = yore finely-textured strata overlying the 
ple oe ie conglomerate, many well-preserved tests of 
Foraminifera of littoral and deeper-sea habit may be identified ;—chiefly 
species of Orbiloides, Miliolina and Textularia; with numerous fragments 
of calcareous Alga, —Lithothamnion,—popularly known as nullipores,* 

Recp. No. 280.—From a well-shaft situated 1} miles NW. of 
Visdwara, and outcropping for several yards around, large numbers 

Pe , of fossil casts of the shells of molluscs are 
Veneer nd Himesione near weathered out periodically and may be 

found thickly strewed upon the surface 
of the ground; while by diligent searching fragments of echinoderms 
and corals may also be identified, clearly belonging to the basement 
beds of the Gaj limonitic-limestone.f 

Keep. No. 323.—Immediately underlying, a thick bed of 
shelly flagstones, a rubbly deposit of Gaj limonitic-limestone, exposed 

by erosion, occurs towards the NW. 
Gal Fossils near Strinagar. edge of the falav, or dammed up stream 

reservoir, about 200 yards distant from 
the village of Sirinagar, from which many fossils were gathered, including 
the internal cast of a shell of Strombus gigas.t 

REcD. No. 349.—From an abandoned well-shaft, } mile N. 
by NNE. of Kenawara, a very finely weathered-out museum specimen, 

crowded with well-preserved fossils and 
Gaj Fossils near Renawara. casts of marine Miocene Mollusca was 
secured ; and the neighbourhood appears 
to be prolific not only in fossiliferous rocks of the Gaj Group, but in the 
jin Cy. ul. eupra, ‘ Narrative Report,’ pp. xxxvi, xxxvii. 
tT Ut supra, ‘ Narrative Report," p, civ. 
} CY. ul ewpra, ‘ Narrative Report,” pp. oxvi, oxxi. 
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to profitable account as ornamental stones.* 


Rep. No. 15r.—A remarkable outcrop, eroded by the channel 

of the Alaswina Vokala, } mile S. of Bhdrwara, discloses the Gaj 

limonitic-limestone, densely crowded with 

Stylophora Coral-rone im the the branched stalks of the madreporarian 

SR ie ee coral Stylophora 1 with a few single corals, 

occasional valves of Venus cancellata of the rotund vanety and a speci- 
men of Twrrifella vitiata.> 


In addition to the microscopic forms of life —the fossil remains ot 
which have not yet been thoroughly investigated,—the following well 
Medancepte Foosil-remains of authenticated list of Tertiary (Miocene), 
Porbandar State named and fossils have already been discovered in — 
ee the G4j Group of beds of limonitic-lime- 

stones and conglomerates of Porbandar State :— 

_Avca#.—Fragments, usually rounded of various nullipores -—Litho- 
thamnion. 

C@LENTERATA—Coralla and fragments of the madrepores :— 
Cladocora sp., Pachyseris murchisoni, Stylophora sp., and Trochocyathus 
sp. / 

Motivusca.—Class LAMELLIBRANCHIATA—Shells or casts of :— 

' Astarte hyderabadensis, Cardium triforme, Cucula trigonalis, Cyprina sp., 
Dosinia pseudoargus, Ostrea multicosiata, Pecten bouwet, Pecten favres, 
Pectunculus pecten, Placuna sp., Pullastra virgata, Spondylus rowaulti, 
Tellina sub-donacialis, Venus non-scripla’ and Venus cancellata. Class 
GasTRoropa.—Cassis sp., Cerithium rude, Cypreaa humerosa, Cypraa 

. nasuta, Natica callosa, Natica sp., Phastanella owent, Strombus gigas, 
Trochus cognatus, Trochus cumulans, Trochus loryt, Turritella sub- 
fasciata, Turritella angulata and Voluta edwardsi. Class CEPHALOPODA. 

_ —Internal shell of Sepia sp., fragment of Nautilus sp. 


Potyzos.—Small fragments of the ectocysts of undetermined 
genera and species, observed in thin sections under the microscope, 
EcHINODERMATA.—Entire tests, spines and fragments of calcified 
areolar tissues of:—Breynia carinata and Brissopsis sp., § Cidaris depressa 
* CY. wt supra, ‘ Narrative Report,’ pp. Oxxiv, Oxxvi. 
+ Cf. wt supra, ‘ Narrative Report,’ pp. liv, Ivii; p. 62. 
+ Feppex, Memoirs, Geol. Sureey, India, Calcutta, 1884, Vol. xxi, Part 2, p. 46. 
§ Duncan and Stapex, Paleontologia Indica, Series xiv, Vol. 1, Part 4, pp. 90-91. 





Regd. No. 148.—Fig. 64.—Consolidated Shell-sand. 


From another part of the same Preparation, shown by Fig. 63. 


Aesulred Ay Via TSits P. SONS 7 pect Cre fF ; 


mY, O21 Wamerical Aperiure. 


Amplified 30 Diameters. 


S.—Elongated chips of shells of Jfofineca, many of them rounded and showing traces 


of histological stricture. 


M’.—Elongated chips om shells of Mollusca, 
thoroughly recalcified. 


E.—Calcified areolar tissues of echinoids, heavily 
impreenated with deep brown hydrate of iron probably derived from de- 
composed laterite. E'.—Traverse section of spine of anechinoid. F.- 
Chambers of a rotaliform foraminifer, filled with deep brown ferric hydrate 
from decayed laterite. C.—Colourless calcite snowing cleavages and twin 
lamella. M.—Fine interstitial mosaic of colourless calcite. Q.—Quartz, 
colourless and partially rounded, 








a 


Cidaris granulata, Clypeaster depressus, Echinaster sp., Euspatangu 
patellaris, Schizaster grants, Temnechinus affitis, Temnechinus costatus, 
Temnechinus rousseaui and Temnechinus tuberculosus. i) 
* AprtHRopopA—Fragments of the carapace and chela of a crab. 
In illustration of the microscopic structure of the Gj limonitic- 
limestones of Porbandar State, it may be noted that the conglomerates 


bearing the large recognisable fossils enu- 
and Orbiteidal Lime- erated above, also hold many minute 


stones of the Gaj Group. 


remains which cannot be seen by the 
naked-eye. These, however, are more abundantly represented in special 
interbedded zones, of finer texture, some of which are almost ultramic- 
roscopic, save for the organic remains which they have preserved. Of 
such, the variety named ‘Pinddralite’* by the writer, and the 
coarser stones, crowded with characteristic tests of Foraminifera, desi- 
gnated ‘Orbitoidal-limestones,’ claim prior attention in this place. 


Pinddralite has a widespread distribution in Porbandar State, 
but its outcrops are not sufficiently well developed to yield large blocks 
of ornamental stone on a commercial scale. The principal localities for 
these have been registered under Nos, 103, 149, and 3097. From the 
occurrence underground of a tolerably thick bed of the stone, however, 
it is but reasonable to expect, that more or less deep-seated beds 
capable of yielding blocks of sufficiently large dimensions, and in 
quantities to meet all market demands, exist throughout the extensive 
area, in the neighbourhood and beneath the City of Porbandar itself, 
which is now covered deeply by the raised-beach—Dwadrka,—beds of 
consolidated shell-sands. 


The microscopic structure of Pinddralite, is best shown by samples 
from the original locality, } mile S. of the village of Pindara in Navana- 
| _ gar State, here illustrated by Figs. 55 
| Leer Structure of Pin- and 50, Plate LVI, with explanatory text. 
— In somewhat coarser-textured samples, 
the matrix of the stone may be seen under varying powers of the micros- 
cope to be. composed of the calcareous remains of several forms of plant 
* Apve, ‘Memoir on the Economic Geology of Navanagar State,’ Bombay, 1914, 
p. ITT. 
+ Vide ul supra, ‘Narrative Report,” pp. xxxvi, xxxvii,liii, lvii,ox and cxii :aleo p. 16, 
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and animal life, peculiar to the littoral of the sea. These are oy 
present in a fragmentary condition, but many of them occasion: 
happen to be preserved in a fairly perfect state as shown by Fig. 60 
Plate LVIT. 





Among the organisms so preserved, the occurrence of numerous 
examples of the delicately beautiful discoidal tests of the foraminifer 


Orbitoides, which belongs to the family Nummulinida, entitles the stone — 


to be called an ‘ Orbitoidal Limonitic-limestone "; and, according to 
Dr. G. J. Hrxpe, F.z.s.,* it includes the species O. dispansa and O. 
éphippitum, which were discovered in the Gaj-limestones of Sind. Frag- 
ments of nullipores or calcareous Alg@ of the genus Lithothamnion are 
also abundantly represented, together with entire tests of other Fora- 
minifera , comminuted shells of molluscs, the spines and other calcified 
areolar tissues of echinoids, the ectocysts of Polyzoa, bits of corals, 
fragments of Crustacea, and adventitious detrital matter chiefly of the 
nature of detached pieces of decomposing laterite, all of which are 
closely cemented together by secondary calcite in colourless mosaics and 
diminutive irregular granules stained yellow with ferric hydrate. 


Metasomatic changes moreover, have evidently been active during 

and after sedimentation; for, with magnifying powers of about 100 

diameters or more, the cementing matrix 

cette week in the Gal may be seen to have developed microscopic 

* rhombohedra of dolomite, sometimes in 
such abundance, that the rock can be said to have been dolomittsed. 

Dolomitisation of the calcite in limestones consists essentially 

in the replacement of half of its lime by magnesia ; but that the resulting 

dolomite is not isomorphous with calcite 

Dolomitisation. is proved by their differences in specific 

eravity,—that of the former 2.572, being 

greater than that, 2.843, of an isomorphous admixture of calcite and 

magnesite in equal molecular proportions.t An appreciable contraction 

is thereby caused by the union of the two carbonates, which is often 

strikingly apparent in large masses of dolomite,—presumed. to have 

previously existed as limestones—by their cavernous, fissured 

structure.{ i 


. in a private communication from the late A. J. _ Joxne-Baowne, F.2.5., January, 
1913, 


+ Cf Sm Henny A. Mrens, * Mineralogy,’ London, 1902, pp. 241, 401, 402. 
t Sm A. Grrxre, ‘ Text-book of Geology ', 4th Edition, London, 1903, p. 426. 


PLATE LAII. 





Regd. No. 429.—Fig. 65.—Consolidated Shell-sand. 
100 yards WSW. of Tunkra, Along Bedding. 


Resolved oy WATSON & Sons’ th rach Gbpeirer, of 17 Vewerical Aperture. 


Amplified Is Diameters, 


5.—Elongated chips of lamellibranchiate shells, showing clear traces of histological 


structure. G.—Well-rounded clastic units of Gajlimonitic-limestone. G’, 
Well-rounded clastic units from arenaceous beds of upper strata of 
Gaj limonitic-limestone, F.—Tests of Foraminifera, the upper complete 
one is rotaliform ;—ela/fa sp. O.—Rouwnded grains of colourless quartz. 
C.—Subordinate mosaics of clear, colourless calcite. C.—Matrix of 
colourless fibrous calcite. E,—Emply spaces. 
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Under the microscope, it is sometimes difficult to distinguish bet- 
ween calcite and dolomite ; but, as a rule, it may be noted that the clea- 
vage traces of the former, coupled with its indications of twin lamel- 
lation, ought to suffice to separate it from the minute primary rhombo- 
hedra of dolomite, which moreover commonly show twinning by hemi- 
tropy about the vertical axis of symmetry ‘—the two twinned 
rhombohedra interpenetrating.” 


Much more delicate and satisfactory however, are the micro 
chemical tests applied by J. LEmBErG,? to distinguish dolomite from 
calcite and from the brucite——hydrate 
_Lemberg's Microchemics! Tests = of magnesiuim,—contained in the * predaz- 
Se zite re the Tirol. These tests may be 
applied to either powders or thin sections under optical observation as 
follows :—(i)—Advantage is taken of the fact that calcite precipitates 
ferric hydrate irom a solution of ferric chloride much more rapidly than 
does dolomite. LEmBeErc, therefore, directs that one part of the crys- 
tallised chloride should be dissolved in ten parts of water and filtered. 
This filtrate should be allowed to react on the sample to be tested for a 
few seconds only (always less than one minute), and immediately 
decanted. Calcite becomes coated with a film of ferric hydrate ; while on 
dolomite the solution has but slight effect. By subsequent treatment 
with ammonium sulphide, the film of ferric hydrate is converted into 
black sulphide on calcite, but only shows a pale green on the grains of 
dolomite ; while brucite takes on a slightly stronger colour than the 
dolomite. If the three minerals are heated slightly after treatment 
with (N H,), 5, and AgNO solution, the brucite becomes black, the 
calcite turns brown, but the dolomite remains colourless. (ii) —Prepare 
a solution of four parts of aluminium chloride in sixty parts of distilled 
water, add six parts of logwood, and heat for twenty-five minutes with 
stirring. Treat samples with the solution for from five to ten minutes. 
Calcite will be stained violet, while dolomite and brucite remain but 
slightly affected. 


Recp. No. 150.—Of more than usual interest by reason of 








* Dn. A. Hancen, * Petrology for Students *, 4th Edition, Cambridge, 1908, p. 271. 

+ Zits, d. a. deviech, Geol. Gearllach., xxxix, 1887, p. 480: x1, 1888, p. 375; Abstracts 
in Min-Mag., Vol. viii, 1889, p. 166, and Apys's ‘Atlas of Microscopical Petrography,' 
London, 1000, p. tt. . 
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its fresh cinnamon colour, sound and compact texture, and occurrence 

Bharweralite--New name for #2 blocks and slabs of large dimensions 
an Ornamental Variety of Gaj Suitable for ornamental stone-work, this 
Renenitic Bmeiens. specimen being practically unique of its 
kind among the Gaj limonitic-limestones of the State, has,—in anticipa- 
tion of its being sooner or later turned to commercial account,—been 
deemed worthy of the distinctive name Bhdrwdralite, from its typical 
development, 1} miles SW. of the village of Bharwaira and about 6} miles 
distant from the sea-shore.* 


Although comparable in essential respects with the Pinddralite des- 
cribed aboveT, the stone presents peculiarities in its intimate structure, 
which serve to separate it from other 
Microscopic structure of Bhar- deposits of the Gaj group of beds, as 
hereunder detailed :—It resembles Pin- 
daralite by being built up from the remains of a varied assortment of 
marine Miocene organisms, cemented together by secondary calcite, 
and heavily indued with the ferric hydrate stain of decomposed lateri- 
te;—but there the resemblance ends. Instead of well-preserved 
organic remains, the latter, including the minute tests of Foraminifera, 
are more or less shattered, but not beyond recognition; while small 
fragments of astr#an and arborescent corallites predominate to indicate 
the existence of a fringing coral-reef. Many tests of Foraminifera, seldom 
entire, as already stated, come next in abundance, while spines and cal- 
cified tissues of echinoderms, the ectocysts of Polyzoa, and a few com- 
minuted recalcified shells of molluscs and crustaceans are also repre- 
sented. Nullipores occur but sparingly, and angular grains of quartz 
are rare. The whole of these are compactly entombed in a very strongly 
developed mosaic of secondary calcite, which is much obscured by the 
infinitesimally minute specks of decomposed laterite —ferric hydrate, — 
which doubtless endows the rock-mass with its characteristic colour 
and comparatively hardness. Dolomite cannot be detected. 


On the 25th July, 1g16, a special excursion was taken to Khari 
Khan near Khimeshwar Temple on the sea-shore near Kunchri, for the 
purpose of securing a picture of the 

Additions to the State Geological excavations to show the formation of 

a Tiz Recent sub-aerial accumulations beneath 
the sand-dunes there situated, and advantage was taken of the oppor- 


© Vide wt supra, * Narrative Report’, pp. lili, wii. also p. 42 
{ Ut supra, p. 142. 





PLATE LAIII. 





Regd. No. 429.—Fig. 66.—Consolidated Shell-sand. 


A Portion of Fig. 65, more highly Magnified. Along Bedding. 
Meslied oy Watson he Ns i ace Chie fit, on 34 Muamertcal Aperfure, 


Amplified 50 Diameters. 


F.—Part of the test of a rotaliform foraminifer,—Aofalia sp.—, showing, LL, radiating 
iter septal canals, and chambers only partially filled with a fine mosaic of 
secondary calcite, C.—Subordinate colourless calcite of matrix in 
mosaics. (C’,- Fibrous colourless calcite of matrix. G,—Part of a well- 
rounded clastic unit of Gaj limonitic-limestone. G'.—Parts of well-rounded 
clastic units from arenaceous beds of upper strata of Gaj limonitic-lime. 
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tunity, by the way, to add the following specimens to the State 
Geological Collection :— 


ec Sn 


‘Rewis- 
tel 


ee 


Date. Provisional Name. Locality and Remarks, 









|From Fossil-sone underlying Pin- ibn pended outside Dwirka- 
daralite No. LO. dish Wari, Bokhira. 


Recent Sholls of Oysters, incrust-|Strand of Meda Creek, Midni. 
ing rocks of shore. Not registered on 29-12-15. 


25.7-16 | 501 (|Sub-recent Consolidated Shell |Khari Khan. Toplayers of No. 
sand of Raised-beach, oD. 


red 
No 
25-7-16 | 559 
fy) 


25-7-16 


25-7-16 662 |Arenaceous Interbedded Gaj 
Limestone, 


2) feet from top of well-chaft. 
Underlying No. 346. 





Recp. No, 562.—Beneath the deposits of Degim Stone, hard 
by the quarry-sites on the W. side of the village of Degim, the 
well-shafts show a considerable thickness of 
richly fossiliferous conglomerate of the 
Dwarka Group of beds, which in their turn 
overlie the Gdj (Miocene) strata; while interbedded among the 
latter there are a few thin layers of a hard and very arenaceous limestone 
of a pale grey colour and fine, uniform texture, from which the speci- 
men now under consideration was taken. 


Under the microscope, thin sections show a thoroughly recrystallised 
matrix of colourless caleite in mosaics of about 4, inch across. 
In this are imbedded :—(i)—Numerous angular grains of colourless 
quartz, from ='; to <4, inch, or so in size. (ii)—Many frayed laths of 
colourless muscovite, from = to 24 inch long by about =; inch 
wide. (iii)—The blurred outlines of a goodly number of fragments 
of spines and other calcified areolar tissues of Echinoidea about ;2- 
inch across. {iv)—Occasional traces of the remains of entire tests 
and portions of Foraminifera,—Rotalia, Miliolina,—nearly 4; inch in 
diameter. (v).—A very few irregularly shaped bits of the ectocysts of 
Polyzoa, also nearly 74> inch across. (vi). Stray grains of opaque, 
black magnetite, from mere specks up te = inch in dimensions. 
Clastic units of this stone occur frequently in the consolidated shell- 
sands of the Dwarka Group of beds. 
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Recp. No. 313.—Whatever may have been the origin of the 
vellow-ochre of commerce, from which the much esteemed pigment 
technically termed ‘light-red,” is manu- 

, ,and the‘ Light-re@” factured after due calcination, it is at least 
of Commerce. certain that the deposits of crude material 
found in Porbandar State, are indirectly due to the decomposition of 
laterite. | 

It has already been pointed out that the prevailing yellow colour 
of the Gaj limonitic-limestones can be distinctly traced to the breaking 
down of the neighbouring or underlying lateritic material, which becomes 
not only incorporated, but operates principally by staining the limestone 
more or less heavily with ferric hydrate. When this limonitic-limestone1s 
exposed by denudation and reacted upon by meteoric waters, it naturally 
disintegrates into subsoil and soil, and, under favourable arcumstances, 
among which prolonged aqueous saturation appears to be an important 
+f not essential factor, changes gradually into a plastic condition, which 
upon becoming dry by seasonal changes yields the soft and easily pul- 
verisable substance known as the yellow-ochre of commerce. 

Only a couple of localities have, up to the present, been found in 
Porbandar State, where this kind of yellow-ochre is available -—the one 

registered as No, 270,* in the neighbour- 

Yellow-ochre sites near Sakhpur }4.4 of the Hathidni Temple, } mile 

wi ESE. of the small village of Sakhpur, and 

the other far more important site, lying approximately 1 mile E. by 
ESE. of Palakra,j and cited above as No. 313. 

Under magnifying powers of 100 diameters or more, thin sections 

or powders mounted in canada-balsam shows that the material is mainly 

composed of excessively minute irregular 
_ Microscopic Examination of oranules of calcite more or less heavily 
Soman stained with yellow hydrate of iron. The 
granules between crossed nicols exhibit only faint interference-tints,— 
iridescent greens and pinks of a high order; but there are noindications 
of dolomitisation, and the rock is sometimes streaked or veined with a 
trifle of opaque-black iron-oxide. Even when tolerably compact the — 
material admits of being crushed into an impalpable powder, and the 
dissociated granules of pigmented calcite can then be more readily 
measured under the microscope to show that they seldom exeeed 4, 
inch across. 





* Vide ul supra, * Narrative Report", pp. xviii, ci. 
+ Vide ul supra, ‘ Narrative Report’, pp. cxiii-oxv ; also p. 42. 


PLATE LAIV. 





Regd. No. 429.— Fig. 67. Consolidated Shell-sand. 


100 yards WSW. of Tonkra, Across Bedding. 


Resolved by Watson & Sons’ 14 inch Objective, 017 Namericat Aperture. 


Amplified 15 Diameters. 


S.—Elongated chips of lamellibranchiate shells, showing clear traces of histologiea 
structure. §'.—Longitudinal median section through shell of small 
gastropod, G.—Well-rounded clastic units ol Gaj limonitic-limestone, 
G'.—Well-rounded clastic units from arenaceous beds of upper strata of 
Gaj limonitic-limestone. EF Tests of rotaliform Foraminifera, F'.— 
Tangential section of foraminifer,—Asfalia sp. L.- -Rounded fragment 
of nullipore, Lithofhannion sp. Q@.—Minute grains of colourless quartz. 
E.—Empty spaces. C.—Colourless mosaics of secondary calcite. C'. 


Fibrous secondary calcite of cementing matrix. 
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Tre Dwarka Group oF BEDS 149 
Group Il.—The Dwarka Group of Beds. 


lige pEPosits which have not yet been fully investigated, were so 

named by FEDDEN* on account of their best and most typical 

development in the Gaekwari Taluka of 

The Dwarka Grove of Beds fe Okhamandal, which constitutes the extreme 

| | north-western promontory of the Province 
of Kathidwar, and of which the sea-port town of Dwirka is the capital. 

Although the lithological characters of the Dwirka Group of beds 

are very varied, and in spite of the absence of any clearly determinable 

fossils therein which correspond with those 


conformity of the Gaj and of ¢}, eae ore 
<gerecd lela of the underlying Gaj Group, their relations 


are ‘ probably one of conformity ;'t and the 


age of their lower strata is therefore assigned to the Higher Tertiary, 
while FEppEN further observes, that, “‘ though the total thickness 1s 
inconsiderable, it may be possible eventually to divide the beds into 
sub-groups, or to mark off some of the later deposits as Pleistocene."’{ 
These later deposits, there is every reason to believe, are extensively 
developed in Porbandar State ; and, under the names of © Kunchri * and 
‘ Degdm-stone,'§ furnish an important share of locally used building- 


For the sake of simplicity the Dwirka Group of beds, as they occur 
in Porbandar State, may be divided into two main sub-groups ;—the 
nt | first comprising many varieties of structure, 
a aera tured and of showing evidences of having 
been deposited directly upon the underlying beds of Gaj limonitic lime- 
stone, upon the beach and shallows of the littoral zone ; while the second 
sub-group, of finer texture, was manifestly deposited in deeper waters, 
and probably at an early period of the Pleistocene age. Other distine- 
tions are, that the first sub-group presents a variety of textures and 
colours,—from exceedingly coarse to tolerably fine,—in shades of grey 
brown and sometimes quite black, and being composed principally 
of the comminuted shells of molluscs augmented by the remains of or- 
ganisms of shallow-littoral habit, fragments of Gaj limonitic-limestone 
* “ Memoirs, Geol. Survey of India,” Caleutta, 1884, Vol. xxi, Part 2, p. 51. 
+ “ Manual of the Geology of India,” 2nd Edition, Calcutta, 1803, p. 324. 
{ Loco. cifato, p. SL. 
§ Vide uf supra, * Narrative report,” pp. cxvii, cxviii, cxx, oxxii ; also pp. 43, 44 
and postea p. 150. 
9 
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and quartz grains, may be classified together as ‘ Consolidated Shell- 

sands,’ of Pliocene age. These occur 
Consolidated Shell-sands of} principally in the form of raised-beaches 
sure all along the coastal borderland of the 
State, and extend inland for variable distances,—6 to 9 miles,—being 
especially in evidence to the south of Porbandar City, in the form of a 
range of low hills, and underlying the sand and mud of the Great Salt 
Marsh. Modifications are also met with, which may be included in this 
sub-group, in the form of ‘ Coral-rock °; manifestly, the petrified relics 
of contemporary reefs.* 


‘‘Kunchri ’ and ‘ Degdm’ stones, already alluded to, represent the 
second sub-group. They are essentially foraminiferal limestones of Bue 
ciaer'4 sm Foramini- omer texture, that have evidently been 
our vanssnaien oF Barts Pieisto- deposited in the deeper waters of the 
Sg tis marine littoral, and cannot be distinguished, 
under the microscope alone, from the miliolites of later date ; but their 
mode of occurrence in the field, directly overlying the strata of the 
lower Dwdrka sub-group, serves to instantly separate them from the 
miliolites ; while they also present a marked difference in geological 
structure, being mainly of the nature of flagstones, composed of laminz, 
of from } to 1 inch or more in thickness, of alternately coarse and fine 
texture. The coarsely textured laminz, moreover, are generally indued 
with the rusty-coloured stains of iron, so that the rock exhibits a banded 
appearance and is liable to split asunder like a shale. Nevertheless, 
large blocks of from 9 to 12 inches in thickness, especially from the Degam 
sites, are generally available for building purposes, and much used for 
the foundations of dwelling-houses in Porbandar City ; for it has been 
found that when laid horizontally, the stone is capable of withstanding 
enormous crushing strain. 
In confirmation of the observations recorded above, a few optical 
determinations of typical examples may now be given as follows :— 
Recp. No. 5.—Taken from a large block of medium textured 
‘Consolidated Shell-sand," at high-tide mark, forming breakers on the 
Consbtldated Shel-sand ‘Break. D€2Ch, below the purliens of the RANA 
ers*omthe Shore near the Bana SAHEB'S Palace, SE. of Porbandar City- 
Sabeb's Palace. The dominant constituent of this compact 
greyish stone, is exhibited by elongated, somewhat rounded fragments 
* Vide ur supra,‘ Narrative Report’, pp. xevi, xcvii, c, ci, cxl, oxliand 43. 


PLATE LXV. 





Regd. No. 429.—Fig. 68.—Consolidated Shell-sand. 


From another portion of the same preparation,—Fig. 67, 


Aesoiied by Watson & Sons’ h tach Oectine, ota Numerical Aperiure, 


Amplified 50 Diameters. 


To show the intimate structure of the cementing fibrous, secondary calcite, C’, more 
clearly. The spaces, E, not being completely filled by opposing fibres 
from, C’, their terminals crystallise out in mosaics, §.—Elongated sec- 
tions of the shells of lame llibranchs, showing’ Clear traces of histological 
structure. G.—Well-rounded clastic units of Gaj limonitic-limestone, 


G',—Clastic unit of arenaceous Gaj limonitic-limestone, evidently from the 
upper strata of the group of beds, L.—Rounded fragment of nullipore,— 
fifhofhamnion Sp. F.— Tangential sections of tests of rotaliform Fora 


mini ferd,—Aotalia Sp. E.— Empty SPL Ces, 
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CONSOLIDATED SHELL-SAND rst 


of the shells of molluscs, the majority of which show histological structure 
with great clearness. Next in abundance, there are many well-rounded 
unmistakable small pebbles of Gaj limonitic-limestone, conspicuous 
by their yellow to brownish colours, fossil contents and general intimate 
structure.* These vary in sizes from about 2 to 4 inch across, The 
tests of Foraminifera are fairly well represented, while there are also 
recognisable rounded fragments of corals, spines and tissues of echinoids, 
and the ectocysts of Polyzoa. A few angular grains of quartz, from 
=; to zis inch, and stray pieces of colourless augite (diopside) may 
also be detected between crossed nicols, All of these clastic particles are 
cemented together mainly by secondary calcite in fine fibres radiating 
from them, but not always filling up the interspaces ; while sundry 
portions are bound together by mosaics of the same mineral. 


Recp, No. 14.—On the W. bank of the city creek spanned 

by the bridge of the road to Randwdo from Porbandar, at the site shown 
by Fig. 6, Plate V. there is a good exposure 

jed Shell-sand on the of beds of Dwarka consolidated shell- 

helpers the City Creek,Per- 44, shown resting upon strata of Gaj 
limonitic limestone. The specimen under 

consideration, was taken from flaggy beds, overlying a coarser con- 
glomeratic stratum, and is of coarser texture than No. 5, just described, 
as well as more thoroughly recrystallised and otherwise altered. The 
dominant elongated fragments of molluse-shells, only occasionally show 
histological structure, their tissues having been for the most part, 
replaced by irregular plates of colourless calcite. It is dear that 
many of these chips of shells, must have been composed of* the less 
stable form of carbonate of lime called aragonite; for as HARKER 
observes,t the process.of recrystallisation has resulted in the develop- 
ment of a rather coarser mosaic within the shell-fragments, than that 
of the external binding matrix of secondary calcite ; while a thin film 
of impurities is pushed outward to mark 

Structure of the the original outlines of the chip. These 


orbandar City Creek. chips frequently measure ;; by << inch 
in size. 


Many well-rounded small pebbles of yellow Gaj limestone often 
+ jnch in diameter are conspicuous ; while pieces of Lithothamnion, 
a0 ey 








= . Vide wi supra, p. 143. 
+ * Petrology for Students", Cambridge, 1908, p. 99, 
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a to + inch across: entire tests and broken bits of Foren as. 
1 inch or less ; angular grains of clear quartz, 7, to =. inch; and 
portions of the hard tissues of Polyzoa and Echinoidea are also present. 
The entire fabric is strongly recalcified ; its cementing matnx being 
composed of a fine mosaic of clear, colourless calcite, which, however, 
leaves a few small interspaces every here and there. 


Recp. No. 148.—This specimen, presumably belonging to 
the lower sub-group of the Dwarka beds, was taken from the slopes 
of a low hillock called Bhido Dhar, rj 
Consolidated § Shell-sands of miles SW. by SSW. of BhArwidra, resting 
pecs eto co upon the laterite at its SE., and overlap- 
ing a bed of Pinddralite of the Gij Group at its NE. end.* It is peculiar 
in showing beds of light and dark hues varying from light and dark 
greys to purplish-brown and almost black colours, and ‘coarse as well as 
fine textures. There can be no doubt that the unusual colours of the 
stone are due to ferric hydrate derived from the subjacent laterite ; 
a somewhat similar effect, from like causes, being observed in the outcrop 
of ‘ Dwarka Shelly-limestone, No. 351, 1} miles SE. of Bibideshwar 
Temple, near by the laterite formations of Siméni.T 


Thin sections when subjected to microscopical examination, show 
a differentiation into at least a couple of varieties,—the light and the 
dark, as follows :-— 


The light variety has, by recalcification, been practically converted 
into a mosaic of allotriomorphic crystals of colourless calcite, varying 
from +-—to =. inch across. Some of 

Light Variety of Stone from had these, exhibit twin lamella,—C’, Fig. 61, 
Plate LVITT. The mosaic plates moreover, 

contain the shadowy recalcified remains of organisms,—chiefly the calcified 
areolar tissues of echinoids, and the tests of a few Foraminifera, princi- 
pally a Sub-spiral form, probably of the genus Peneroplis, slightly over 
qos inch in length, and a few rotaliform species, Throughout the 
field-of-view, there are many patches of translucent brown matter, fre- 
quently without definite outlines, and often covering parts of more than 
one mosaic unit. These are more than likely to be altered products 
derived from the decomposition of clastic particles of laterite, and of 
the nature of ferric hydrate stains ; but some of them call to mind the 
flakes of palagonite, so common in the decayed remnants of vitreous 





. Vide uf supra, ‘Narrative Report ', pp. liii, lvii. 
+ Vide wi supra, * Narrative Report," pp, oxxv, cxxv, oxxvi. 
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PraTeE LXVI. 





Regd. No. 474.—Fig. 69.—Consolidated Shell-sand. 


Flagstone Quarry, 500 yards N. by NNE. of Rabarikhira, Balej. 
Resolved Ary Watson & SONS 14 mich Checks i, oz Nameritcal Apa Fi uric. 


Amplified 15 Diameters. 


g —Elongated chips of partially rounded lamellibranchiate shells showing traces of 
histological structure. S',— Duplicates of, S, thoroughly recalcified. G, 
Well-rounded clastic units of yellow to brown Gal limestone. F. -Entire 
and fragmentary tests of Foraminifera,—chiefly Roialide, E.—Spines 
and calcified areolar tissucs of chtnoided. P.—Ectocyst of a Polyooom. 
L.—Rounded bit of the thallas of lithothamnion, @.—Angular as well as 
partially rounded grains of colourless quartz. X.—Empty spaces. All 
interspaces are filled with a well-developed mosaic of colourless secondary 
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igneous rocks. They are feebly refringent. Angular grains of esa ea 


ans are not of frequent occurrence, and of minute bocosinetaiaR ch 
to inch across, They, can, of course, be readily recognised between 
crossed nicols by their interference tints, which, in thin Suibins: give 
the whites, blue-greys and pale yellows of the first order. Lastly, by 
diligent swipes! a few acicular scales of colourless muscovite,— 
measuring irom — to -}- inch in length, and less than sais inch 
transversely,—may be detected at irregular intervals ; the position of one 
of these is indicated at M*, Fig. 61, Plate LVIII. These exceedingly 
delicate laths, nevertheless show basal cleavages, extinguish straight, 
and give interference tints in pinks and greens of the third order. 
REcp. No. 148.—Fig. 63, Plate LA, and Fig. 64, Plate LXI, 
are reproductions from photomicrographs, taken from two adjoming 
- portions of the same thin section to display 
ark Varkaty of Siess from Hhede the structure of the dark variety of ‘ Con- 
nl solidated Shell-sand’ undoubtedly belonging 
to the Dwarka Group of beds, forming the low hillock called Bhado Dhar. 


Tt will be observed that the general structure of this sample appa- 
rently differs widely from that of the light variety ; but in reality both 
are essentially the same, save for the manner of distribution of the de- 
composed products of laterite which determines the colour of the stone, 
and perhaps also in the difierence of their foraminiferal tests, which 
probably belong to different zones of the marine littoral. . 

It may also be noticed that in the thoroughly re-calcified chips of 
lamellibranchiate shells, the calcite mosaics are considerably coarser 
than those of the interstitial authigenous matrix, the former measuring 
from = to gq oimch across, while the latter seldom exceed 3, 
and average about =; Inch. It will also be seen that the impurities 
of deep brown tron-hydrate, are pushed out, to form quite a conspicuous 
border round the chip-pseudomorph. The tests of Foraminifera —, 
to =; inch; shell-chips, 4- to -4, inch; echinoid tissues, 4. to 
+, inch, and quartz grains, 4, to;4; inch, are all relatively coarser 
than in the light variety, Figs. 61 and 62, thereby denoting sedimenta- 
tion in a shallower zone of the marine littoral. 

REGD. No. 410.—Just as the pebbles on the sea-shore or the 
shelly sands of the beach tend to be sorted by shiftings into coarser 

Variations In the Consotidatea © finer lots of clastic units, so, when 
Shell-sands: consolidated, the resulting stone is found 
in sedimentary rocks to vary in texture and frequently in composi- 
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tion, both horizontally and vertically, and a good case in point is 
furnished by the specimen of ‘Consolidated Shell-cand now under 
consideration. 

The stone outcrops, at a considerable distance from the beac 
breakers with which it is continuous, being isolated from the latter by 
blown-sand ; and can therefore be traced as part and parcel of the same 
deposits already described as * Registered No. 5.'* Its site and mode 
of occurrence, uses, etc., have also been recorded? ; so that it now only 
remains to consider its intimate structure. 





In preparing thin sections for microscopic examination, it 1s €x- 
tremely difficult to secure complete slices, on account of the large quanti- 
Microscopie Structure of the ‘Y Of siliceous sand, with which the calcare- 
Consolidated Shell-sand to the ous stone is incorporated. As soon as the 
wl erates slice becomes thin enough to distinguish 
the nature of its component parts, the hard quartz grains are torn out 
of their places, leaving only a few remnants in the otherwise vacant 
spaces ; and as these spaces preponderate, it may be taken for granted 
that they were once filled with quartz. The spaces are usually of irregu- 
lar shapes, and those of them that are still filled with the colourless 
quartz, show, between crossed nicols, that the individual grains, had 
been subjected to great strain, being shattered in all directions, so that 
the units of quartz, when thinly sliced simply drop out in small pieces. 
That the cracks are not the result of the mechanical methods employed 
in preparing the thin sections, is evidenced by the fact that they are 
filled with secondary silica, and therefore clearly of old standing: The 
quartz units in this specimen vary in size from less than ~~ to more 
than => inch across. 

Next in order of abundance there come many well-rounded units 
of a very arenaceous limestone, which stongly resemble if they are not 
identical with portions of certain interbedded strata already described 
as No. 562.3 t anise usually give elliptical sections, of tolerably uniform 
sizes 38 by +e inch. The shells of molluscs, chiefly Lamellibran- 
chiaia,+, by =; inch, on an average, show marked traces of histolo- 
gical structure ; while the less frequent tests of Foraminifera, sometimes 
large, but more usually small, measure from .'- to as much as —— inch 
across, and are principally represented by mentite of the family Rotali- 

* Vide ul supra, p. 150. 
+ Vide uf supra, * Narrative Report,’ pp. cxervii-cxrrrix. 
{ Fide wf ewpra, p. 147. 
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PLATE LXVI! 





Regd. No. 474.--Fig. 70.—Consolidated Shell-sand. 


Flagstone Quarry, 500 yards N. by NNE, of Rabarikhira, Balej. 


Adesso lied by WATSON & SONS pA face Ohnwctiiv, 17 iva ern al ‘perinrt. 


Amplified 15 Diameters, 


S.—Recalcifed chips of shells of Lamellisranchiaia. §'.— Chips of shells showing 
traces of histological structure. Sh. —Longitudinal median secon 
through shell of small gastropod. F,—Tests of rotaliform forcmin ifera. 
F.'—Test of Wilfolina, G.—Well-rounded clastic units of yellow to brown 
Gaj limestone, E,—Fragment of calcified areolar tissue of echinoid, 
L.—Portion of thallus of Aittothamnion, Q.—Angular as wellas partial 
ly rounded grains of quartz, ZK.—Empty spaces. All interspaces are 
completely filled with a well-developed mosaic of colourless calcite, 
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CONSOLIDATED SHELL-SAND OF TUNKRA 155 


de. Subordinate units, are fragments of corals, the spines tissues | 

of echinoids, Polyzoa and nullipores. All of these are closely crowded 

together, so a5 to leave but little room for a very small proportion of 
+ secondary calcite in minute, irregular, colourless granules. 

Recp. No, 429.—This specimen, taken from the sound stone 

at the base of a small pit-quarry, about roo yards WSW. of the village 

of Tunkra, is closely similar in intimate 





Meeks, as No. 5," but has the advantage of being 
well situated for quarrying on 4 large scale, although no attempt has 
yet been made to utilise the material except for small local needs. There 
are evidencest to show that the stone exists in large quantities through- 
out the neighbourhood of Tunkra, and is available in solid blocks of 
sizes large enough for all kinds of building construction. 
Under the microscope, the structure of the stone is clearly shown 
by the excellent reproductions from hotomicrographs taken from thin 
Microscopical Structure of the sections, both parallel with and at right 
_atteroscomShelrsandet Takra. angles to the plane of bedding :—Fig. 05: 
Plate LXII; Fig. 66, Plate LXIII: Fig. 67, Plate LXIV and Fig. 
68, Plate LAV. It will be seen from these 
that the clastic units are of a very varied 





by secondary calcite of two kinds :— 


dary Calcite in the Consolidated incipient fibres, and allotriomorphic grains, 
Shell-sand of Tunkra. 


the latter of which, in section, present 
the outlines of a fine mosaic. Occasionally, when the fibres of calcite, 
which radiate from the clastic units, do not meet in the interstitial space, 
4 kind of miarolitic cavity is formed, and the terminals of the fibres 
crystallise out into grains like those of the mosaics. 


The clastic units, in order of importance comprise -—(i).—Elongated, 
rounded chips of the shells of lamellibranchiate or bivalve molluscs, 
which usually show clear traces of histo- 

Sgr ee bot logical structure, but are cometimes entirely 
replaced by calcite. (ii). A few complete 

chells of small gastropods and fragments of larger members of the same 





* Vide wt eupra, p. 150. 
+ Vide wt supra, ° Narrative Report ', pp. cxliv, oxlvii. 
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_ class of molluscs, These shelly constituents vary very considerably 
in sizes :—the elongated chips from +, to 4;inch or so long, by about 
qa to 35 inch broad. (jii)—Most conspicuous are the well-rounded 
units of Gaj limonitic limestone, identifiable by their yellow to ruddy 
brown colour and fossil contents, and frequently varied by similar units 
(full of minute angular particles of quartz) which were probably derived 
from the thin arenaceous beds intercalated with the upper strata of 
the group. These units are more uniform in sizes, varying from 4, 
to % inch across. (iv).—Entire tests and fragments of Foraminifera, 
frequently exhibiting structural details, and measuring as much as 
;7 inch across. (v).—Partially rounded pieces of Lithothamnion. 
(vi).—A. very subordinate representation of bits of corals, Polyzoa, and 
echinoids. (vii)—A few grains of quartz, which are peculiar in being 
iairly well-rounded, and of showing signs of having been shattered, and 
mended by emanations of secondary silica. These seldom exceed —1- 


Tika 
inch across. (viti)—Lastly, almost every thin section examined, was 
found to hold one or more small irregular fragments of much decayed 


granophyre, showing micropegmatite. | 


; 'Reep. No. 455.—That slight variations constantly occur 
among the ‘Consolidated Shell-sands’ of the coast-line in Porbandar 
False-bedded Flagstones of the tate, is well exemplified by the specimen 
Bhadar-River-Creeks et Navi- now under consideration, which was taken 
pevaee: from a very fine outcrop of solid-looking, 
false-bedded flagstones on the SW. bank of the Bhadar-River-Creek, 
about 4 mile NW. by WNW. of the town of Navibandar.* The stone 
is of very compact, and manifestly uniform texture, more arenaceous 
than usual, and would be available in thick slabs of large dimensions 
if it were not for its unfavourable situation by the side of the creek-bank, 
which would make quarrying on a large scale undesirable. 


save for a very few extra large clastic units, the rock is composed 

of tolerably uniform-sized particles: but these are so closely crowded, 

that little or no interstitial spaces are 

on ne enue deen pry left. These, when present, are filled with 

Bhadar-River-Creek. an excessively fine granular calcite, show- 

ing faint traces of a fibrous tendency, and 

' wecasionally developing into a matrix of minute mosaics of secondary 
calcite, scarcely discermible with a magnifying power of 50 diameters. 








* CY. ul supra, * Narrative Report ', pp. clv, clix. 
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PLATE LXVITI. 





Regd. No. 345.—Fig. 71.--Foraminiferal Flagstone. 


Roadside Exposure, 14 miles WSW. of Degam. 


Amplified 15 Diameters. 


Aesolved ky Watson & Sons’ th tach Obsectiov on? Niawertcal Aperture. 


Perforate test of foraminiler,—Gioherrina sp.—with pseudo-oolitic border. 


F'.— Single perforate chamber of test of foraminifer.—G/obigrrina sp.— 
filled with amorphous calcite deeply stained with fernc hydrate. 
G.— Well-rounded clastic units of Gaj limonitic-limestore. X.— Amorphous 
rounded nuclei of lime with single pseudo-oolitic border. x',.—Pellets of 
amorphous lime with more than one pseudo-ocolitic border, 5,— Chips of 
the shells of Mo//vsca, a few of which show traces of histological structure. 
C.—Colourless mosaic of secondary calcite completely filling all inter. 
paces. GC’. — Mosaics of secondary calcite pseudomorphs after organic 
remains. E.—Portion of spine of an echinoid. L.—Section of thallus of 
anullipore. There are no quarts grains in this field-of-view, 
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The clastic units are principally of organic origin, Sut there isa 
plentiful representation of colourless quartz grains of irregular angular 
and sometimes rounded shapes, varying in size from less than 35 to a 
little | Byer gis inch across. Rarely, a few minute grains of green 


augite,— inch and less,—may be detected. 








Other constituents include ips se Eos ay short and thic ke 





chips of lamellibranchiate shells, about + by Tm inch in dimensions — 
on an average; but occasionally as much as + inch long. Some of 


# 


these units show clear traces of histological Sicueiase: while others are 
completely recalcified. (ii).—The tests of Foraminifera are well represent- 
ed by rotaliform species, from => to ;; inch or slightly more across ; 


but there are also a few much larger Sea to be found in nearly all thin 


sections,—notably of a Muiliolina, 3, inch in length. (iti).—A few 
characteristically yellow and brownish well-rounded units, 4 inch 
or so.across, proclaim the presence of particles of Gaj limonitic-limestones 
(iv).—Subordinate units occur in the form of small fragments of corals 
echinoid tissues, and irregularly shaped or rounded bits of Polyzoa and 
Lithothamnion, varying in sizes from less than to a trifle over >>; inch 
in major diameter. 


Recep. No. 490.—In a neighbourhood where sound and strong 

building-stone is scarce, and the inhabitants are driven to go far 

for their building materials or put up 

Prd ge? Character of sothniomigen with the soft inferior blocks of consolidated 

of the Village of Mulmadhavpur.  blown-sand so largely developed locally, 

it is somewhat surprising that the consi- 

derable outcrop of compact and durable stone within 100 yards E. of the 

village of Mulmddhavpur, from which this specimen was secured, should 
he practically untouched.* 


In this variety of “ Consolidated Shell-sand ' of the Dwarka Group, — 


the clastic units are not so closely compacted as to leave but little space 
for an authigenous cementing material, but are usually disposed so far 
apart from one another as to allow for the deposit of more than the usual 
proportion of secondary calcite. This secondary calcite, moreover, is 


peculiar, from the fact that it forms an appreciably deep border of in- — 


finitesimally small granules around each clastic unit, and sometimes fore- 
shadows radiating fibrous structure. When the borders from contiguous 
units meet, they generally develop a narrow median layer of minute, 





: of wl supra, * Narrative Report *, pp. elxvi, shes. 
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colourless mosaics of calcite ; while at other times the mosaic lines the 
‘nner walls of a kind of diminutive drusy cavity. 


The clastic units, as usual, are nearly all of organic ongin, with 
the exception of a rather abundant proportion of colourless angular 
quartz grains, which measure from less 
mpm esctres selidated than 35; to fully ;i> inch across. The 
organic units comprise :—(l) —Elongated 
chips of lamellibranchiate shells and small pieces of the shells of gastro- 
pods, some of which show histological structure, while others are 
thoroughly recalcified. The former average about 3, by =4; inch in 
dimensions. (ii)—A good, many tests of small Foraminifera, Rotalia 
sp., and Glotigerina sp., about —+; inch or so in diameter, and a few 
larger tests of Miliolina, j inch in length. (iii) —A fairly large 
number of well-rounded, yellow to brown units of Gj limonitic-limestone, 
from tc to ;t= inch across.  (iv).—Occasional irregularly-shaped 
fragments of the spines and calcified areolar tissues of Echinoidea, coralla 
of Madreporaria, ectocysts of Polyzoa and the thallus of Lithothamnion. 





Recp. No. 474.—The locality, mode of occurrence and uses of 
this stone have already been noted ;* but it may here be added that 
the material, after examination in the 
Ihceomgerss bentley of@abe- Jaboratory, does not resemble the Kunchri- 
stone, but belongs unquestionably to the 
lower sub-group of the Dwarka beds. The stone, moreover, is interesting, 
snasmuch as it contains a larger variety than usual of the tests of Fora- 
minifera, in an excellent state of preservation ;—as will be gathered 
from the following microscopical determinations :— 
(i).—Partially rounded chips of the shells of lamellibranchiate 
Mollusca, many of them showing clear traces of histological structure, 
| while others are completely recalcified, 
Lie epg Be aeranaeg are represented in abundance; there are 
undoubtedly also fragments, and a few 
very minute entire shells of gastropods. The bivalve chips vary from 
2 to 3 inch long, by about 7, inch broad. {ii).—The tests of 
Foraminifera include many rotaliform species, varying from —; to 
+ inch across the entire tests; a few tests of Textularia, Miltolina 
and Nodosaria. (iii) Many well-rounded clastic units of yellow, orange 
and brown Gaj limestone. (iv)—Rounded pieces of the thallus of 
* Of. ui supra, ‘Narrative Report ", pp. clxi, clxiii. "1 


PLATE LXIX. 





Regd. No. $45. Fig. 72.—Foraminiferal Flagstone. 
Central Portion of Fig. 71, more highly Magnified. 


Resolved by Watsow & Sons’ | tach Objective, 0°54 Nomerical Aperture. 


Amplified 50 Diameters. 


F.— Perforate test of foraminifer,—(G/odtgrtring sp.—with single pseud o-oolitic border. 
F'.—Single perforate chamber of test of larger foraminifer,—G/odigerina 
sp.—without border. G.— Rounded clastic units of Gaj limonitic-liomestone, 
X.—Indeterminste rounded nuclei of amorphous lime with single pseudo- 
oolitic envelope. ¥'.—Indeternminate rounded nuclei of amorphous lime 
with more than one pseudo-oolitic envelope. €C.—Colourless mosaic of 
secondary calcite completely filling all interspaces, C'.—Pseudomorphs in 
mosaics of colourless secondary calcite of organic remains. §§,.—Reecalci- 


fied chips of shells of Wollnzeea. L.—Section of thallus of £a/Aeffawinion, 
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FRINGING CORAL-REEFS 159 


Lithothamnion, (v).—Bits of branched and astrean corals. (vi).— 
Irregular and rounded fragments of the calcified areolar tissues of Echt- 
noidea, (vii).—Occasional pieces of the ectocysts of Polyzoa.  (viii).— 
Angular as well as rounded grains of colourless quartz. lix)—A few 
small crystals of opaque black magnetite. The appreciable interspaces 
between these clastic units, are completely filled by a well developed 
mosaic of colourless secondary or recrystallised calcite. 


In the Narrative Report records have been made of the existence of 
fringing coral-reefs during the period,—Plio-Pleistocene,—of the deposition 
sikedid’ Corsinetts’ ot of the Dwarka Group of beds in Porbandar 
Pleistocene date im Porbandar State.* Especially noteworthy, is the ex- 
= istence, in sitw, of a well-preserved coral- 
reef near the mouth of VisdAwara Creek, where the coralla, chiefly those 
of the sub-order Madreporaria, appear to be as fresh as specimens of 
recent growth. Farther inland, however, where the raised-beach has 
been deeply covered by subsequent calcareous deposits, the coralla 
become so thoroughly recalcified, as to lose nearly all traces of histolo- 
gical structure, and it is in this condition that the original reef, clogged 


with the remains of minute organisms, such as Foraminifera, and small 


fragments of Polyzoa, Echinoidea, nullipores, and grains of quartz, 
assumes the character of a ‘Coral-rock’, which has been recorded as 
occurring at several widely separated places ;—Bhavpura, Midni, Chaya 
and Ranghdwdo, and registered respectively as Nos. 254, 260, 408 and 
413. 
The upper strata of the Dwarka Group of beds-in Porbandar State, 
which have here been classified as a Sub-group, probably of early Pleist- 
The Upper Strata of Sub-group OCDE age,t differ markedly from the fore- 
of the Dwarka Beds in Porbandar = going series of consolidated shell-sands ; and, 
oe under the microscope, aloné, cannot be 
distinguished from the miliolites or later Pleistocene deposits. The 
clastic units of these rocks, which are typically represented by the well- 
known building-stones of Kunchri and Dégam, and which are structur- 
ally similar to those of the miliolites, would doubtless be erroneously 
described, as were those of the latter, as olific.§ Asa matter of fact 





* Vide wl ewpra, ‘ Narrative Report", pp. xovi, xovil,.o, ci, cxxxvil, cxxxix, exl, 
exii. 

+ Of. ut ewpra, ‘ Narrative Report *, Pp. evi, ovil, ¢xi, oxil. 

{ Cy. ul supra, p. 149, 

§ ‘Manual, Geology of India’, 2nd Edition, Calcutta, 1803, p. 306. 
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the clastic units of the stone, when carefully scrutinised, have evidently, 

by recalcification, formed a slight border of colourless mosaics of calcite, 

which, as usual, have thrust sundry impurities to their outer edges,” 

thereby giving rise to a kind of coating which has been mistaken for an 

oolitic concretion. 

Recp. No. 327.—Commercially known as ‘ Kunchri-stone’ after 

the locality from which it is excavated, the megascopic characters 

and .uses of this inferior variety have 

Kunchri-stone. already been recorded; — but, upom ex- 

amination in the laboratory, the material, 

which to the naked eye, appears to be azoic, is shown to be essentially 

of organic origin, being composed of alternately coarse and finely tex- 

tured, thick and thin lamina, with a tendency to decompose along 
the interlaminary planes, and to split into slabs or flagstones. 


(i). So thoroughly recalcified has this rock become, that it is diffi- 
cult and sometimes impossible to determine the true nature of the 
feral Flagstone of Kenchrt. spherical and ellipsoidal shapes. These units 
show granular, grey, amorphous nuclei, surrounded by a thin selvage of 
colourless calcite mosaics and enveloped in a pellicle of darker almost 
ultramicroscopic particles of impurities. Sometimes, a second envelope 
of emanations is present, and lends support to the statement that the 
grains are oolitic concretions. According to the position of these units 
‘n the coarse or finely-textured laming, they vary from about tio to 
<hinch in the coarser and visto she inch acioss in the more finely- 
textured layers ; and these measurements hold good more or less with 
reference to units the precise nature of which can be identified. (ii).— 
Many of the clastic units, by their outlines, colour, or traces of structure 
admit of being determined under the microscope. They show a tolerable 
abundance of well-rounded particles of yellow, fossiliferous Ga] limestone ; 
entire and fragmentary tests of F oraminifera,—Rotalia, Miliolina, Tex- 
‘daria: occasional pieces of spines and the calcihed areolar tissues of 
Echinoidea, the ectocysts of Polyzoa, coralla of Madreporaria and thallus 
of Lithothamnion. There are alsoa few chips of the shells of Mollusca, 
mostly thoroughly recalcified, but occasionally showing faint traces of 
histological structure ; while minute, colourless, angular and partially- 
rounded grains of quartz,—ss to rhs inch across,—can be detected 

© Vide Dn. Harern's * Petrology for Students *, 4th Edition, Cambridge,1908, p. 262. 
+ Vide ul supra, ‘Narrative Report’, pp. oxvii, oxviii, oxxi. 
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as sparingly present, between crossed nicols. (iii) —The rock has been ‘ 
so decidedly recalcified, that all interspaces are filled with a well-deve- as 
loped mosaic of colourless secondary calcite. The specimen may there- 1 aa 

fore be called a ‘ Foraminiferal Flagstone.’ : 


Recp. No. 345.—The type of ° Foraminiferal Flagstone ' just des- 
cribed, finds finer development in the surroundings of the neighbour- 
ing village of Degam, where it is exten- 
Degam-stone. sively extracted for building purposes 
and is almost entirely consumed within 
the State.* Its microscopical structure, which ts essentially similar to 
that of the later deposits of ‘ Miliolite 'T is very clearly shown by the 
photomicrographic reproductions, Fig. 71, Plate LXVIII and Fig. 72, 
Plate LXIX. From these it will be observed that the texture of the 
stone is practically uniform, in the finer and more compact layers, which 
often attain to several inches in thickness. In the alternating coarser 
layers, the clastic units are not quite so uniform in sizes, and are, of 
course, of relatively larger dimensions. It will likewise be noticed that 
the texture has been very thoroughly recalcified ;—the colourless mosaics 
of calcite being defined with the utmost clearness, and completely filling h 
_all interspaces as well as invading the substance of the clastic units, F 
which latter may be enumerated as follows :— 


(i). The majority of the clastic units have been so much altered 
by recalcification, that it would be impossible to determine their origin, 
, * _ beyond assuming from their spherical, 

; egestas cena Foramial” ¢jjipsoidal and rounded elongated shapes, 
that they are all of organic origin. (1i).— 
When deeply stained with yellow or brown hydrate of iron, and exhibiting 
faint traces of fossil remains, it is reasonable to believe that they were 
derived from the underlying beds of Gaj (Miocene) limestone. (ii1).— 
Unmistakable units of entire and fragmentary tests of Foraminifera 
give a distinctive character to the rock, which has therefore been styled a 
‘Foraminiferal Flagstone." Among these delicate organic remains, 
it is easy to identify members of the families Globigerinide, Rotalida, 
Textularide and Miliolide. (iv) —Elongated as well as abbreviated 
chips, occasionally showing traces of histological structure, denote the 
snclusion of bits of the shells of both lamellibranchiate and gastropodous 
Mollusca, which are fairly well represented. (v).—In subordinate 


* Cy. ul supra, * Narrative Report ', Pp. Oxx, cxxii. 
} Vide ut supra, p. 90. ef sequenter- 
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proportion there may be recognised irregular as well as rounded fragments 


of the spines and other calcified areolar tissues of Echinoidei, the ectocysts © 
of Polyzoa, the coralla of Madreporaria and the thallus of Lithothammnion, 
(vi).—Minute angular grains of colourless quartz are extremely rare, 
and seldom exceed ria inch across ; while the average sizes of the other 
clastic units vary from less than rho toa trifle over ¥, inch in major 
diameter. 2 | 
PHYLUM E.—SUB-AERIAL ROCKS. 
| Eateotatteeen proors of the sub-aerial origin of some of the rocks 
of the coastal borderland in Porbandar are fortunately available 
among the Sub-recent and Recent deposits 
sub-aerial Rocks. of the State: but of the older formations 
| which must have consolidated under simi- 
lar circumstances, evidences are naturally wanting ; and cannot, in the 
present state of our knowledge, be satisfactorily supplied solely by means 
of laboratory research. It must therefore suffice, for the time being, 
to place on record a few observations made in the field, supplemented 
by notes on determinations made through the microscope. 

Sub-aerial rocks may be divided according to their modes of origin, 
into two principal groups -—(i).—Consolidating Raised-beaches, and to 
a less degree of River-terraces and Concretionary deposits. (ii). —Con- 
solidated Blown-sands. 

In illustration of the first group, no better example could be afforded 
than the interesting series of pit excavations, still desultorily being 

exploited along the sea-shore, from the 
Sub-serially Consolidated Shell- jmmmediate NW. of Porbandar City for 
Sandof Khari KhennearKunebrt ai -tance of about 4 miles, to the neigh- 
bourhood of Khimeshwar Temple on the sand-dunes near Kunchri- 
The pits nearest to the Temple called Khari Khan, yield building-blocks 
of a loosely consolidated shell-sand, the mode of occurrence of which 
has already been sufficiently detailed.” This is clearly show n by the 
photograph here reproduced as Fig. 73, Plate LAA. 


Under the microscope, thin sections of the consolidated stone show 

a very coarse texture composed chiefly of the shells of Mollusca, that 
_ have undergone only slight changes, to- 

ee of the Khari Khan ether with fragments of corals, echinotds, 
sea-mats, nullipores and a good many 

large tests of rotaliform Foraminifera, measuring from {, to 7 


® Vide ul supra, * Narrative Report ', pp. xix, oxx, exxii. 
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inch across. Minute grains of angular quartz doubtless occur m abun- 
dance : but are apt to drop out of thin sections during the processe 
of preparation. They can, however, be collected in abundance, and 
satisfactorily examined by Dr. SORBY'S methods.* The interspaces 
between the clastic units are seldom entirely filled with secondary calcite; 
but each unit is usually coated with a thin border of minute granules . 























of colourless calcite. i. 
The second group belonging to this phylum, ts represented in Por- , 
bandar State by many extensive deposits of consolidated blown-sands, es 
some of which are so sound and strong ry: 

Consolidated Blown-sands of as to be highly esteemed by local builders . oe 
weg and contractors for the erection of dwellings. 74 
Indeed, a very large number of even the better classes of houses in Por- re 
bandar City are mainly constructed from this kind of stone ; which, | 5 
it is scarcely necessary to add, is sold at much lower rates than even the AS 
inferior grades of miliolite-limestone. <? 
Recp. No. 401.—This speciment has been chosen as typical on 

of the consolidated blown-sands, so extensively quarried on the heights er 
of Chaya, because of its having been : 

‘ Chaya-stone.’ indurated by sunbaking to such an extent vi! 
as to render it suitable for being cut and : 

ground into sufficiently thin sections without fear of falling to pieces. : 
The stone from lower levels, has been found to be structurally similar | 
in all respects ; but is much too soft and incoherent, when freshly ex- Shai - 
cavated, to permit of being cut and ground without first beimg impreg- (en 
nated with a hardening medium. 
It may be remarked at the outset, that the main distinction between a 

a sub-aerially consolidated blown-sand and its sedimentary counter- i 
Ser ic atnan od Cnet part, lies in the sizes of its clastic units ; Wi 
Units in Distinguishing between for it stands to reason that, under ordinary P- 
eS ee — a Se yday circumstances, only the smaller > 
and lighter particles would be wind-borne m 

to accumulate as coastal and inland dunes, and there to undergo sub- | 
aerial consolidation by a combination of superincumbent stress and the a 
reactions of carbonated meteoric water. It is thus important that in Ps 
investigations of this kind, a record of the condition, (entire, fragmentary, Yas 
fresh, altered or decayed), and approximate sizes of the different consti- oe 
tuents should be carefully made and kept for future reference. ee 
* Q.J.G.8,, Vol. xxxvi, 1890. | da 

+ Vide wt supra, * Narrative Report °, pp. oxxx¥, Cxxxvi, oxxxviil. : 
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‘Chaya-stone’ when cut into thin sections and examined under the 


* microscope is found to bear out the abovenoted statement in every 


particular. Its clastic units are tolerably uniform in size, #.<., about 
1. inch approximately across, and therefore not too heavy to be 
wind-borne for considerable distances inland. They are not very closely 
crowded, so that comparatively wide interspaces are left, in which a 
fine mosaic of clear, colourless, secondary calcite is deposited by the 
agency of percolating carbonated meteoric waters -——and herem 
lies the main ‘difference between this subsaerially consolidated rock 
and deposits, like the miliolites, which are of true sedimentary 
origin. 


Microscopes, of course, cannot be used for the purpose of distinguish- 
ing between authigenous constituents of sub-aerial and sedimentary origin; 
but by their means, other and more subtle distinctions are revealed, 
which may assist in determining the circumstances under which the 
rock took solid form ;—{i).—The clastic units show no tendency to deve- 
lop pseudo-volitic emanations. (ii) —They are generally of such diminu- 
tive sizes, either entire or fragmentary, as to be easily wafted by light 
breezes to accumulate as dunes, while the larger and heavier particles 
are left behind upon the beach. 


Clastic units in the ‘Chaya-stone comprise :—(i).—A few 
entire tests of Foraminifera,—Miltolina, Operculina, Peneroplis—and 
fragments of larger rotaliform species, 
Clastic Units of the Consolidated Very few of which exceed <4; inch 
Blown-sands of the ‘Chaye ocross. (ii)—Chips of the shells of Mol- 
fae lusca, seldom longer than => inch. 
(iti) —Well-rounded particles of yellow to brown Gdj limestone, barely 
more than 4; inch in major diameter. (iv).—Subordinate fragments, 
either rounded or of irregulay shapes, and generally less than ;45 inch 
in dimensions, of pieces of the coralla of Madreporaria, the calcified 
areolar tissues of Echinoidea, the ectocysts of Polyzoa and the thallus of 
Lithothamnion. (v)—A very few specks and granules of magnetite, 
rarely more than ;;; inch in size. (vi).—Angular, but sometimes 
partially rounded, colourless grains of quartz, in tolerable abund- 
ance, varying from ;; to as much as ;4, inch in longest 
diameter. 


Recp. No. 482.—Consolidated blown-sands of sub-aerial consolid- 
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ation are, in addition to that of Chaya, of frequent occurrence 

along the SE. coastal borderland,* and 

Consolidated §Blown-sands of ore also found forming small isolated 

gee rable knolls where the material has been carried 

farther inland +. They are, however, of a brownish-grey colour and 

commercially inferior to the lighter-hued and almost white stones of 
the Chaya-heights. 

Fairly typical of these accumulations, and by reason of its more 
extensive development and widespread local use for the erection of 
stone walls and the poorer classes of dwellings, is the specimen now under 
consideration ; which was taken from the indurated exposed top of the 
east end of the large open quarry called ‘ Babudi Khan,’ situated | mile 
ESE. of the sea-side town of MAdhavpur.—A, Fig. 31, Plate XXIX. 

Under the microscope, the large and miscellaneous collection of 
small clastic units, may be seen to be more closely crowded than those 
of the kindred Chaya-stone. The cementing matrix as usual, consists 
of very minute grains of secondary, colourless calcite in form of a mosaic : 
which, in the lower layers from which the building-stone is taken, is 
not particularly compact. The stone is consequently full of irregular 
pores and not so strong and durable as it would otherwise be. 

Clastic units are, as already noted, of:an unusually miscellaneous 
character. They are, taken together, of fairly uniform sizes, ranging 
from less than —- to as much as 4 inch in longest diameter; but 
it may be remarked, that the larger sized particles, such as scales of 
palagonite, the chips of Mollusca and certain of the entire tests of Fora- 
minifera, are of an attenuated character, and accordingly very light in 
weight. 

Determinations under the microscope, coupled with muicrometric- 
measurements give the following results :-—(i).—Entire tests and frag- 

ee SD Comsetidates ments of Foraminifera, among which may 
faecrmetend at “Babedi Khan’ near be recognised Miliolina, Operculina, Pene- 
Madhavpur. roplis and a few rotaliform species, vary 
from ;1; to 4; inch in longest diameter. (ii)—Well-rounded units 
of yellow to brownish pellets of Gaj limestone;—;; to jis inch 
across. (iii)—Elongated chips and short fragments of the shells of 
Lamellibranchiaila and Gastropoda ;—;}, to % inch in length by 
~ © Fide uf supra, ‘Narrative Report ', pp. exli, exlii, exlv-oxlvii, elxiv, olxv, elxvil, 

oer Fide wl supra, * Narrative Report", pp. clxvili-clrxi. 
er 
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about =; inch in breadth. (iv)—Small spines and pieces of the 
other calcified areolar tissues of Echinoidea:-—+, to 4, inch in 
diameter. (v).—Irregularly shaped bits of the Cokaila of both branched 
and astrean Madreporaria ;—about == inch. (vi).—Partially rounded 
portions of the thallus and branches of Lithothamnion :-—not much ex- 
ceeding yos inch. (vii).—Scales of greenish, yellow and rnddy-brown semi- 
transparent vitreous material, probably of the nature of palagonite — 
about + by gis inch. (viii)—Occasional, much decomposed frag- 
sine. showing traces of the ground-mass structure of basalt ;—barely 
4. inch across. (ix).—A few particles of irregularly shaped angular 
fragments of yellowish-brown augite ;—about ;4,4 inch. (x) esac: 
isolated colourless crystals, with yellowish cracks, of olivine ;— 4, 
to 5, inch in length. (xi).—Opaque black magnetite in specks and 
sporadic grains ; ;4, to a trifle over ;4; inch across. (xii).—A 
tolerably large proportion of angular grains of colourless quartz, ranging 
from less than >); to nearly ;4; inch in longest diameter. 

From the facts and figures recorded in the foregoing petrographical 
determinations, many problems of more than passing importance to the 
student of applied geology may be profitably solved :—To wit, the 
examination of thin sections of stone under the microscope and its 
accessories, suffices to reveal not only the gualify or true nature of their 
component parts, but their actual comparative proportions or quantities ; 
and, what is of more moment, the character of the association or relations 
of these to one another. Moreover, in the last example given above, 
of a consolidated blown-sand, it may be pointed out that the uniformly 


minute sizes of the clastic particles, serves to instantly indicate their 


«xolian origin and to separate them from the closely allied consolidated 
shell-sands of sub-sedimentary or up-raised beach formation: while 
their clastic constituents, by containing an appreciable proportion of 
fragments of lavas and their minerals,—such as augite and olivine,— 
furnish a clue to the proximity of volcanic rocks, which are nowhere 
in evidence along the adjacent coastal borderland; but may nevertheless 
be presumed to underlie only an inconsiderable thickness of Tertiary 
and Post-Tertiary strata, and perhaps to emerge at no great distance 
from the shore-line under the Arabian-sea. The practical up-shot of 
this deduction is, that the low-lying stretch of countryside which forms 
the southern moiety of the State, and which is periodically prone to 
suffer fsom drought, might be easily irrigated with a plentiful supply 
of potable water through the simple expedient of sinking artesian well- 
shaits into the zones of the closely underlying Deccan-Trap. 
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A 
ACACIA aradica, xxiv, lxxxix ; ferric 


ginea, cxcii; planifrons, 
senegal, xiv, Ixiv, cxcii. 
Adatiana, iii, vi, xi, xliii, xliv. 
Adatiana-heights, vi, xxxiv, xliv, xlvin; 
granophyres, ix, x; limestone-limit, 
“xxvii, xl, xliv; miliolites, viii, x, Xi, 
xliv, CXXX—CXEXIYV. 
Adodar, cxxxix, cxli-cxlvii; consolidated 


MMXIV ; F 


blown-sand, cxlii; white limestone, 
cxiii, cxlvii. 

Adwana, basali-~lyke, xxix, Ixxx, 
Ixxxiv; road-metal, Ixxx, Iixxxiv. 

#Zolian dunes, cliv. 

Agamoid lizards’ burrows, clxv. 

AGENT TO THE GOVERNOR OF BomMBay, 


CXMXIiL 
Alaswana, old-site, xlv, xlvii, xlix; jhar, 
xlix, |, wi; vokala and coral-zone, liv. 
Alga, clxxxili, cxcii. 


_ Alluvial blown-sand, clxxvi. 


Alluvium; freshwater, liii, Ixxxv, Xxcii, 
cxxiv, cxlv, cxlvii, clxx, clexii, clxxiv, 
ebexvili, clxxxvi; gypseous, XCix ; 
Kadach, clxi ; Kinderkhera, Ixxxvi; 
salimiferous mud, cxxxvi, cxlv; Salt- 
marsh, cxl, clii, clvii; Salt-pans, 
cxxin ; sundried building-blocks, clvii, 
clxix. 

« Aloe-cake,” clxvii. 


- Aloe vera, clxii, clxviii. 


Alteration products, xiv, xviii, clxxxv. 

Altered-lava ; Asiapat, cxci; Bhavpura, 
xcvi; Kerala, clxxviii; Wadala, c. 

Amaha, clxxiv. 

Amygdales ; discoidal, xci ; stem-like, xc. 


Amygudaloidal-lava; Bakharla, Ixxxiv ; 
brick-red, ciii, civ; decayed, cxlvii, 
cl, cli; fissile at Wadala, xci, xcii ;. 
Morwara, Ixxxui, xciii ; Rojhiwara, 
Ixxxiv ; Sodhana, bexvi. 

Anajio Dhar ; laterite and crust of milio- 
lite, cix, 

Analyses ; chemical, cxxvili, cxxix, 

Aniali, xxi, chexvill, clxxix. 

Arenaceous limestone, cil, cxi, cxviii. 

Arniala, old-site, cxxv. 

Asiapat, clxxxi:, clxxxv, cIxxxvil-cxcv ; 
whitish granophyres, clxxxvi. 

Asiawadar, cld-site: bedded-lavas, 
elxxvil clxxviii, 

Atlas, Indian, of the G. T. S., clexiv. 

Azmapat Nes, clxxxix, cxc, cxciv. 


BABADESHWAR TEMPLE, Ii ; fos- 
sil Gaj corals and pectens, lvii, cxxiv. 

Babia Dungar, clxxxix, cxciii, cxciv. 

Babudi Khan ; consolidated blown-sand, 
eltiv. 

Babudi Khan, No. 2, Kadach; Dwar- 
ka limestone, clxxi, clxxiv. 

Babul-trees, Xxiv, xxiv, 
Ixx-xIx. 

Backwater ; Navibandar, cliv ; Porban- 
dar Salt-pans, cxxiii. 

Bacteria, cxlix. 

Bagwadar, Ixxxvi. 

Bakharia, xii, xlii—xlvii, amygdaloi- 
dal lava, lvii ; consolidated shell-sand, 
xliv, vi ; dense-blnek basalt, ly, Ivn;: 
indurated-laterite, lvi ; iron-mines, ii ; : 


xiv, xiv, 
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laterite, xliv, xlvii, li, Iwi; laterite- Bhatakri; calcite-vein, Ixxxi, chalce- 


conglomerate, Ivi; miliolite, li; milio- 
liteconglomerate, Iwi; ° regur'-s0il, 
Iv, ivi. 

Balej, civii, cla—clxii. 

Ball diorite, bi. 

Balvi Talay, cxxxvi. 7 

Banyan-bower, Madhavpur, cixiv. 

Banyan-trees, cii, cluiv, cxe. 

Bapodar, cixv, cixvi ; alluvium, claxvii ; 
decayed bedded-lava, cxlvi ; volcanic 
goil, clexvii. 

Barda-Alech Vale, drainage, clx xii. 

Bards Hills ; cradle, vi; fiora of, XXxv, 

Bardia, cxiii ; laterite, cxiv, cXv. 

Barren patch of ground, xliv. 

Basalt; Adwana dyke, lxxix; dense- 
black, Ivii; lavas and dykes, ivi, Levi; 
Majiwana dyke, xxv; Morwara 
cleaved dykes, bexxil, xc; Sisli- 
Majiwana-Kunwadar dyke, Ixxv ; 
Wadala dyke, ci. 

Rastard-teak, Ixxix, cxcil. 

Bawa-ka-Mat, cxxxvi. 

Beddedlavas; Adwana, deep soil of, 
ixxix, Ixxx; Bakharla, lv, Ivii ; basic 


soil of, xcii; Bawawao, xv; 
Bhomiawadar, ixxviii; compact, 
ixvi; contact-zone, XC, xecii ; God- 
hana, Ix; Khambhodar, Iixxi; 
Kinderkhera, Ixxxvi; Majiwana, 
ixxxvi; minutely-spheroidal, xci ; 


Morana, ixxvi; Morwara, IxxXxVi, 
cix; Nagarari Dhar, ¢; Nag ka, 
Ixxiii; rock-plains of, Ixxvili, xci, 
xciv, xcvili; Sodhana, ixxvi; Tukra, 
ch. 

Bhad, clxxiii. 

Bhadar; creck, cli, cli, cly, clu; 
estuary, cli, clvil; ferry, clxxiii, 
claxv ; lock-bridge, clv, clvii; river, 
cli. 


Bhado Dhar, dark Dwarka-beds, Ini, 


vil. 
Bharwara, li; ‘Prindaralite’, lwii, IXxxvi, 
cxxiV. 


Bharwaralite, liii, lvii, cxxiv. 


dony and quartz, bexxi; miliolite- 
mound, Ixxxi; onyx, [uxt 

Bhatwari Dhar, xxxi, xxxii; felsites 
“xxii, xxxvil, xii, lv. 

Bhavawari Dhar, xxii. 

Bhavpura; altered-lava, xcvi, ci; coral- 
rock, xevi; shell-sand, xcvi, ci. 

Bhayani Dhar, cixix. 

Bhil Dhar, xivi. 

Bhil Jhar, xlvi. 

Bhod, xiv. 

Bhomiawadar, bedded-lavas, 
ixxix ; miliolite-scarps, xxviii, lzxxiv. 

Bllesh war, clxxxvi, Cxciii. 

Bileshwarl Vokala, clxxxii, clxxxvil. 

Bindweeds, sedges and grasses, clxv. 

Blasting and Drilling, clxxx. 

Blown-sand, xeviil, clxiv ; alluvial, claxvi ; 
cancellations in, clxv, clxviti, clxx ; 
consolidated, cxxxviil, 
cixvi; Gorsar, clx ; inland dunes of, 
clxvi; Madhavpur, clxv ; Miani, ci; 
Navibandar, cliv; Padardi, clxxvi. 

Boda Talay Khan, xii. 

Bokhira, xxx¥, Cxxii, cxxiii. 

Bora Dubba, xxx. 

Bordl, xvi, xvii; coarse, strong grano- 
phyres, xviii, xix, xiii; Cocachia 
Dhar, clxxxv; Dhar-ka-Dhardi, 
xx; felsitic sand, xxj miliolite, 
clxxix; Railway-station or loading 
platform wanted, clxxx. 

Boricha, xliv, xlv, xlvi. 

Brahmacharl's-warl Kadach, clxxii, 

Brecciated-conglomerate, v, vi; lateritic, 


lxxIx ; 


cxu; miliolitic, xxxiii. 
Buldh Bara, cvii. 


Bulimus, cxlv. 


Bungalow; Headquarters, i, Hy Va 
xxvi; Kandorna District, xxv, 


cixxvii; Khambala, clxxxi, clexxv ; 
Navibandar, cli; Sathvirda Nes, 
cluxxiv. 


Butea frondosa, Ixxix, ¢xci. 


exlii, cxlv,. 
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co. City,—Porbandar,—creek, iii, CEEXIX. 


CALCAREOUS conglomerate, ¥, mil. 

Calciferous sandy-stone, ¢. 

Calcite, small vein, bexxi, Ixxxiv. 

Cauper, C. C., xxxv. 

‘Calyx’ boring drill, clv, clxii. 

Camp-Station J, i-vi; 11, vi-xvii; ITI, 
xix-xxiv ; IV, RXV-XXXVii ; V, XXXVull- 
xiii; V1, xlii-lix ; VI, Ix-ixx ; VIII, 
bex-Ixuvi ; IX, bxxvi-lxxxv ; X, lxxxv- 
xeui; XI, xciii-civ ; M11, civ-cxii ; 
KI, cxii-cxxu ; XIV, cxxii-cxxxiv ; 
XV, cxxxiv-cxli ; XVI, cxli-cxlvii ; 
XVII, cxlviti-clii ; KVIII, cliti-chz ; 
XIX, clx-clxiii ; AX, elxiv-clxxi ; AX, 
clxxi-claxiv; XXII, clxxiv-clxxviii ; 
XXII, clxxviti-clxxxi ; KXIV, cixxxi- 
clxxxvii; XXV, clxxxvii-cxcv. 

Capparis aphylia, cxlx. 

Cardium, xcvii, cxl, cxliv, cxlv, elvii, cluxv. 

Carex indica, cviii. 

Carex-rone of sand-dunes, clxx. 

(Carissa corandas, clxxxu. 

Cassia auriculata, xxiv, xiv, execu. 

Cave ; Cocachia-ka-Bhoira, xxi; 
Ghojhara-ka-Bhoira, xxi; Jam- 
buvanti Bhotra, vii, viii, =. 

Cement Works, Porbandar, cxxvii. 

Cerithium, xcvii, cxlv, clxxv. 

Chagaro Dhar, cixxxit. 

Chalcedony, lxxxi, Ixxxiii, bexxix. 


Chamodra Nes, clxxxv. 
Chandrawara in Navanagar State, 
[xxix 


Charcoal from Acacia senegal, Ixiv. 

Chart, coloured geological, CEXZIV. 

Chatrawao in Junagadh State, clxxii. 

Chaities,—earthen utensils,—clay for, 
exxxvi;red and black, cxlix. 

Chaya, cxxxiv-cxhi ; stone—sub-aerially 
consolidated blown-sand,—c x x x V, 
CxXxXVIl. 

Chingaria, cixti, sub-recent consolidated 
shell-sand, clxii, clxi. 

Chirora-ka-Tobra, cx!, cxli. 

Chorkhada Dhar, xii ; Khan, «lit. 

* Chorzi' miliolite, Xi. 

Chunam;natural, cxxxvili, cxxxix; pits, iv. 


Clays; Potters’, exvi, CXXi, CKXXVI, ChEMVI 
exxxix ; sandy and marly, clxxxii. 
Cleaved rocks, basalts, Ixxxii, lxxxiii; 
dykes, xiv, Ixxxin, Ixxxv ; grand 
phyres, Xx, XXXIx, clxxxiv, clxxxvil, 

chxexxix. 

Cocachia Dhar, xx, xii, xli, xlm, clxxx, 
mifolite, clexis. 

Cocachia-ka-Bhoira, xxi. 

Coconut-palms, crowded plantation, chxv. 

Columnar jointing, xxxii, Lxii, ext, Lexi, 
cluxxiv. 

Concretionary lime, cxlvi, cxivi, cli, 

Conglomerate ; brecciated, v, Vi; calcare- 
ous, ¥, Xi: coral-reef, cxi; fossiliferous, 
xxxvi; miliolite, xix, xiii, xliv, xivu, 
xlix ; shelly and coralliferous, cxlvi- 

Consolidated blown-sand, cxxxvii, cxlu, 
exlvii, clix, chev, clxix, clxxi. 

Consolidated sand-dunes, cliv, clxv, clxvi, 
cleviil. 

Consolidated shell-sand, ii, iv, xxxvi, xliv, 
cvil, CVill, CX-Cxli, CZxXil, CXXXIV, 
cxxxix, cxlii, cxliv, cxlvi, cxivi, elit 
cliv, clxi ; thick beds, cxlvi. 

Consolidating shell-sand, iv, v, cviilL. 

Conus, cxzliv, cxlv. 

Coral ; Gaj-zone, Alaswana Vokala, liv, 
ivi; Babadeshwar Mandir, !vu, 
Simani, iii. 

Coralliferous and shell-sand limestones, 
cxxxvi, cxl, cxli, clxiv, clev, clxix, 
clxx, clxxi. 

Corablime for pan-rupari, cvii. 

Coral-reef; conglomerate, cxi; re-calcifed 
inland, cvii, cxi; Visawara Creek- 
mouth, cvi. 

Coralrock: as building stone, cvii ; 
Bhavpura, xcvi, cc; Miani, ci; 
Ranghawao, cxi, cxli; Visawara, 
cvi, CVI. 

Cornish-powder for blasting, Ixii. 

Corsite, Ix. 


Creek : Bhadar, cli ; Clty, iii, v, cxxxix : 


Meda, xcii; Ranawao Road, Por- 
bandar, v; Tankra, cxlii; Visa- 
oe wari, cv, cVil. 
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Cryplostegia grandiflora, exci. Diary, digest of, for June, ~ 1915, til; 


Crystals, secondary, clxxxv 
Cyrelas, cxlv, clxviii, clxxv. 


Do 
DAMODARDAS Printing -house, Raj- 


kot, cxxxiii. 

Dava Lacputm, * Awwhhar’, (potter), of 
Katela, cxvi. 

Deccan-Trap; Aniali, clxxix ; E. base of 
Barda Hills, cixxxviii; Mokal, cxlvi. 

Degam, cxviii, cxxii-cxxvi, li, 

‘ Degam-stone,’ cxx; fossiliferous con- 
glomerate, Cxx, cxxii, cxxiii, 

Delodar, clxxiii, clxxiv-clxxxyv. 

Delta, Wartu river, xcix. 

DOendrocaiawmus strictus, clxxxii. 

Deposits, lacustrine, clxxxiii, cluxxvi. 

Detrital-soil, xiv, xvi; rich, xiv: with 
miliolite-drift, cxlv, cxivi. 

Dhabukii Nuddy, xii. 

Dhangawa Vokala xix, xxiii, clxxix. 

Dhar,—Hill,—Anajio, cix; Bhado fii; 
Bhatwari, xxxi, xxxix; Bhava- 
wari, xxii; Bhayani, cixix; Bhil, 
xivi; Chagaro, clxxxi, clxxxv ; 
Charkhada, «lii, xliii ; Cocachia, xx, 
xli-xliii, clexix, clxxx ; Dhanak, xxv, 
xxvi, chexix ; Dhedio, xlix ; Dhordi, 
xlv; Dhori, clxxxi, clxxxv; Fa- 
kada, clxxv ; Gab! Pir, Ixii, Gadhia, 
clxxxii ; Gelanser, clxxxiii ; Ghoda- 
Laokl, Ixi, icxciti; Gudazali, xlix; 
Gured, ixi, cxcii; Hadio, cxc; 
Hathia, clxxxvi; Jaderra, clxxxi; 
Jerickhia, xiv, xl, xli; Kambiala, 
cxuciv ; Karl, clxxxv; Khorla, x, x! : 
Ladha, clxxxvi; Malak, |; Mohr 
Chupra, xi; Nagarari, xciv, xcix , 
Ranasar, cxcii ; Vija, xxi; Vasaliya, 
xiv. 

Dharfaria Dungar, xliv, xlv. 

Dhedio Dhar, xlix, |, lvi. 

Dhordi Dhar, x!iv. 

Dhori Dhar, cixxxi, cixxxv. 

Dhorio Dhubho, orbicular granophyre, 
bei. 


july, 19t§, iii-xxvill; August, 1915, 
“xiN-xxxiv; September, 1915, *XXiv- 
xxxvi; October, rgig, xxxvi-xlvii ; 
November, 1915, xlvii-lxx ; December, 
1915, lxx-cii ; January, 1916, CH-cxxVi ; 


February, 1916, cxxvi-cxxxii; March, 
1916, cxxxiii-cxlvii; April, 1916, cxlvii- 


elxxviii May, 1916, clxxix-cxcv. 

Dichrostachys cineria, cxcii. 

Diospyros discolor, x=xv. 

District Bungalow, Kandorna, =xv, 
cixxviii. = 

Dittmar, De., analysis of sea-water, 
CXMIX. 

Deck-work stone, xii. 

Doli Talav, xlvi, xlix. 

Dorivay, xxxii. 

Drift, miliolite, Ixxiii, cxlix. 

Drill, calyx for boring, clv, clxii; diamond, 
clxxx, 

Dudedawali Jhar, ixii. 

Dunes, xcv, cvill, cxvii, cli, cliv, clvil, clix, 
cixiv. 

Ouagar,—Mountain,—Babia,  clxxxix ; 
Bhatwari, xxxix; Dharfaria, xliv ; 
Dudjhara, xviii; Jerickhia, xiv, x1, 
xli; Kaladongar, cxc, cxciv: Khara 
Vira, -xxxii; Malak, Ixii; Mohr 
Chupra, lv; Piara, xvii, xli: Suli- 
na-Pani, Ixiv, clxxxiv, 

Durbargadh, Miani, Ixxxix. 

Dwarka Group of beds, xxxvi, xxxvii, 
“CV, XCIX, CX, CXi, CXi¥, CXV, CXVill, 
cxx, cxxili, cxl, cxlii, cxlii, cxliv, 
exivi, cxlvui, cl, cliii, cliv, cly, clviii, 
clix, clx, clxi, clxii, clxiii, clxv, clxvi, 
clxix, clxx, clxxi, clxxiii, cxciii; 
coralliferous and shell-sand lime- 
stones, CXxXxvil; coral-reef, cvi; cornl- 
rock, Xcvi, ci, cvi, cvii, cxl, cxf; dark 
limestones, fii, vii, CXXIV, CXXVi : 
porous, tough and coarse, clxvi; 
rubbly shell-sands, cxxxiv; ruddy 
limestones, cxxvi; shelly limestones, 
cxxvi; variability in, clvi, clxv, clxvi. 

Dwarkadish Gardens, Bokhira, xxxv. 

Dyar, xxiii. 


=a 





ag 


* be ao 
+) awths or 


OO a ins 
estas 


<.. 
*"<¢ ' : 


yet a: 


’ a) wee > \ ee us _" 
i. he 5 | Rat! 

. me 1 re 
2 Chee ay eae ites 









Sei er Sl ae 
ey . INDEX qt 
Dyke-Rocks, cleaved, xiv, xx, xxxix, Ferry ; Kundli-ka-Tar, clxxiii; Navi- 
' . Ixxxii, lxxxiii, Ixxxv, clxxxiv, claxxvii, bandar, cli, clii. 
— elxxxix. f Ficus Bengalensis, ci, clxiv. 
ynamite for blasting, Ixii. 5 Ficus Trie¢la, |x, 





E 
‘ ECONOMIC plants, cxcii; stones, xxvii. 
Edible caper, cxlix. 
Egrets , Chexxiii.. 


_ Elevation of the land, cliv. 


: Erda, cixxvi. 
‘Erratic blocks of granophyre, xlviii. 
Eugenia lanceolaia, clxxXii, 
Huphoriia Nereifolia, cv, cx; gutta-percha 
d from, clvi. 
Euphorita Lirucalli, \xxvi. 
' Evaporated salt, cxxili, cxxvi, cxliii, 
exivil. 
| 
F 
FAKADA Dhar, clxxxv, cxciii. 
+ False-bedded Dwarka-beds ; Bale], clviii ; 
tie’ building-stone, clv; dark buff-crey, 
purplish and black, lili, Ivii, cxxiv,, 
; cxxvi; Madhavpur, cixvii; shell- 
sand, CVill, Xi, CXxXt. 

- False-bedded Miliolites, Kandorna, xxvi ; 

Miani, cii ; Ranawao, vii. 
_ Fatal Talav Nes, cxcii, cxciv. 
 Fatana; bedded-lavas, Ixxxi; quarry, 
Ixxxi, Ixxxv. 
F’ Feppen, F., xxviii; on well-sinking, 
[xxvi. 

. Felsite ; Bhatwari Dhar, xxxiii ; Bhil 

oh Shar, xvi, xlvii; granophyric, xxxiii ; 
Mohr Chupra Dungar, No. 2, 

; Ixvi; ornamental, xvii, xviii, xii, 

_ (| @iacxix ; spherulitic, xvii, xviii, 
” Felsitic earth, xxiv. 

. Felsitic sand, Alaswane Jhar, lv, 
Bordi, xx; Khambala_ Talav, 
elxxxin ; Vijfaria Jhar, cixxxvii 

a 
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Eocene age of laterite, xliv. 
Epigene reactions, cxcu. 


Fissile lava, Xcl, CIX, CXUL. 

Flagstones ; Dwarka-Group, cxviii, cxx, 
exxxvil; fossiliferous, cxli, cxiti, 
exliv; thick, clv, clix. 

Flamingoes, xcvii. 

Flood of 1914 at Kadach, cixxii. 

‘Flora of the Barda Mountain’, xxxv. 

Fossiliferous, Gaj, Conglomerate, xxxvi, 
civ, CV, CXXVL 

Fossils ; Dwark-Group, cxxi, cxxv ; Gaj- 
Group, xxxvi, civ, cv, cxxvi; recalci- 
fied, clxxii ; Recent, exliv, cxlvii. 


Freshwater Alg@ ; zoospores, clxxxiii, 
exci. 

Freshwater Reservoir, site for large, 
clexvi. 


Fringing coral-reef at Wisawara, cvi. 


GABI PIR Dhar, ‘xii. 

Gadhia Dhar, clxxxii, clxxxv. 

Gaikedi Jhar, xlix. 

Gaj (Miocene) Group of beds, iii, iv, vi, 
KXXVi, XCV, XCVii, C, Ci, CVili, CX, CMH, 
CxXVill, CXXi, cxxiv; fossils, XxxxVi, 
civ, c¥, CXXVI. 

Gared Dhar, cxciii, cxciv. 

Garej, clv, clvii, clexiii. 

Gelanser Dhar, clxxxiii. 

Gems, clxxxv. 

Geodes ; Onyx, Ixxxiv ; siliceous, Ixxxix. 

Geological Chart,—coloured,—of Por- 
bandar State, cxxxiv. 

Geological Survey Headquarters, i, 
ii, ¥,; XXVi. 

‘Ger or Freshwater Marsh, lili, I xxxv ; 
alluvium of, lili, Ixxxv, exiv, xxiv. — 

Ghoda-Lanki Dhar, cxcii, cxciv. 

Ghojhara Dungar, xviii ; Khan,— Milio- 
lite quarries, <X1. 

Glauconite, coating stem-tike amygdales, 
Ce 
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Goani Khan, xii. 


Giodhana, Ix-lxx ; geological structure, 


lx ; Hinkasar talay, Ix ; limestone-.- 


limit, lix ; miliolite, Ix; State Jun- 
gle-reserve, |, (x1. 

Gorsar, clx ; Blown-sands, clx, clxvin. 
Gorsar Nes, thick Dwarka-beds, clxii, 
clxiii, 
Giosa, cxliii ; 
czlv, ch. 

Granophyres ; alteration products in, xiv, 
xviii; analysis of typical, cxxvili ; 
Astapat, clxxxix: Babia Dungar, 
clxxxix ; Bhil Jhar, xlvi; Bileshwar, 
elxxxvii ; black grey, xi, xiv, xx, lv; 
bleached, clxuxxv ; blue-grey, xiii, xiv, 
xvi, XxVil, xxxii, xlv; Bordl, xix, 
clexx ; brown-grey, svi, XVili, XXX, 
l, ivi, claxx; chemical analysis of, 
czxvili; cleaved, xx, xxxix, xiii; 
course-grey with yellow products of 
alteration, xiv, xviii ; Cocachia Dhar, 
mx, xxi, xii; dark-prey, x, xiv; 
Dhori Dhar, cixxxvii; dyke by Rail- 
way-line, xxxii; Fakada Dhar, 
clxxxvii; Gadhia Dhar, 
Ghoda-Lanki Dhar, excii; grey, 
x, xvii, xlvi, ly ; Kaladongar, cxciv; 
Ladha Dhar, clxxxvii; light-grey, 
Ixti; Malak Dungar, lvi, cxcii; 
miarolitic, Ixii, Ixvi, cluxxvi, clxxxvil ; 
orbicular, Ixi, Ixvi; outliers, 
pink, Xi, xiv, Xxx, ivy, clexxvi; 
Polahpana Bhint, Ixvi; ‘Rana- 
wao-Range’, ix ; sand of decompos- 
ed, x; Sathvirda Nes, 
chexxvii ; 
white, XX; 


consolidated blown-sand, 


clxxx vii ; 


XV; 


clxxxiv, 
emoke-black, xx; snowy- 
spherulitic, x; Vijfaria 


Jhar, clxxxiv, clxxxvi; whitish- 
grey, Xix, Xxiv. 


Granular-jointing of lavas, xxix. 

Gravelly-stone, cvii, cxii. 

Great Salt Marsh, xxviii, cxxui, cxl, 
cxlv, clvti, clxix, clxxii, clxxiii, clexiv, 

Gritty limestone, cxiv, cxv. 

Gudazali Dhar; sound grey grano- 
phyre, lv. 

Gudazali Dungar, x!viii, !v. 

Gum-srabic trees, lxiv. 
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Gutta-percha from £Luphorbia neresfolia. 
Gypseous mod, ci, 

Gypsiferous alluvium, xcix, ci. 

Gypsum, poor selenitic, xcix, ci. 


H 


H-EMATITIC ; pellicle on felsite, xxxili; f 
earthy-ore, xcviii. , 
Hadio Dhar, cxc, 
Hag Esa, Hayy DADA, xxxiv, XXXVy 
Mxxvili, x), xlvili. 
Hard water, xiv. 
Hathia Dhar, cixxxv. 
Hathiani ; Dera or Temple-ruins, xcvii, 
cix, cx; Wokala, xcviii. .- 
Hathla in Navanagar State, |xxii, 
Head-quarters of the Geological Sur- 
vey, Porbandar, i, ii, v, xxvi, cxxxvVi. 
ffelices, cxlv. 
Heliotropium ; indicum, cvii ; marifolium, 
elviii; ovalifolinm, exvil. 


Heredias garsetia and HH, intermedia, 
celxxxiti, 

Hinkasar Talay, Ix, Ixiii, 

Hog-backed hills yielding road-metal, 
Ixxxvii, | 


Hugli Vokala, clxxv, clxxvii. 


INDIAN ATLAS of the G. T. 5,, chexiv, 
Indian "pearlash,’ clexxviii. 
Indigo, wild, bxexvil. : 
INGERSOLL-RAND COMPANY, CXXVi, CXXVii. . 
Inland blown-sand dunes; conselidated, 
elxyv. 
fpomera biloba, cviti, cxvil, cliv, clvii. 
Ireland, orbicular structure, Lxi, . 
lron-bearing shells of basalt spheroids ; 
Majiwana, Ixxv ; Nagka, Ixix. 
Iron mines ; Bakharla, li; Bardia, cxiv; 
Ranawao, xiii. 
lron-ore in granophyre, clxxxix. 
lron-smeltings from Ranawao, xii. 
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Irrigation proposals, clxxvi, Katela, cxii, cxxii. 
Irrigation falav wanted for Sishi, Ixxxix. Kathiawar, lakeless, clxxxiti. 
Iswaria, xxix. Katwana, x!vii, li. 
Kerala, cixxvil. 
Keseo, cx. 
J Khambala, xxix, xxxii, clxxviii, clxxix, 


JADERRA Dhar; white,-bleached,— 
granophyre, clxxxi. 

JAIRRISHNA INDRAJI, Botanist, *Xx¥. 

Jambu ; jungle, clxxxu, cxc. 

Jambuvanti Bhoira, vii, x<xiv. 

Jamia in Junagadh State, ¢lxxin. 

Janzga Bet, cxi. | 

Javantara Gara, xvii, xviii, xii, CXCii. 

Jerickhia Dungar, xiv, xl, xh. 

Jhar,—ravine,—Alaswana, xlix, |; Bhil, 
sivi: Dudedawali, |xii; Gaikedi, 
xix; Krishna, clxxxix; Malak, 
Ixiii, Ixxi; Nur, cxc; Ranasar, 
execu ; Sij, xiv ; Sij No, 2, |x, xii ¢ 
Vandhra, ‘xi, ixiv; Vijfaria, 
clxxxiil. 

Jointing; columnar, sxexxii, kxii, Iexn, 
clxxxiv; cuboidal, Ixxvi; granular, 
Ixxix; polyhedral, Ixxi, bexv, [xxviii ; 
reticular, Ixxiti, Ixxvill, Ixxix, 

Jujube, wild, exci, 

Junagadh State, xxiii, clxxiii. 

Jungle-jambu, clxxxu, cxc. 


KADACH, clx, clxiii, cixvili, clxxi- 
clxxiv; alluvium, clxi; Brahma- 
chari's wari, cbexii : floods of 1914, 
clexii. 

Kaladongar, cxc, cxciv. 

Kamad Nuddy, |xxxviii. 

Kambiala Dhar, cxciv. 

Kandorna, Xxiv, XV, XXXVI, clxxvi, 
clxxviil. 

Kaolinisation, *Xiv. 

Karachi ; Municipality, xxxii, xxxiv xl, 
xivin, clexx: ; 

Karaunda, clxxxii, cxc. 

Kari Dhar, clxxxv. 


eluxxi-clxxxvii; talav, cluxxii, clexxtit; 
village, cluxxv. 

Khambhodar, |xvii, |xx-lxxvi; Dwarka- 
beds, lxxxvi, xcii; miliolite-drift, lexiii. 

Khan,—Quarry,—Babudi, clxiv ; Babudi 
No. 2, clxxi; Boda Talav, xiii; 
Chorkhada Dhar, xiii, xiii; Gho- 
jhara, miliolite, xx; Goani, xii; 
Khari, cxix, cxxii; Kbhetila, ii ; 
Mithi, cxxxvii; Veler, clxvi. 

Khapat, iii. 

Khara Vira Dungar, «xxii. 

Khara Vira Nes, clxxxiu, 

Khari Khan, cxix, cxxii. 

Khetlia Khan, abandoned, i. 

Khijdar, xxvi. 

Ahiido trees, xii. 

Khimeshwar Dera,—<Ancient Temple,— 
CVU, , 

Khirasra, xix, xxii, xxiti, xiv. 

Khistri; rhyolite ridge, Ixvi ; wild-date 
palms, lvili. 

Khokhri Parab, cx). 

Khoria Dhar, x, xl, xlix. 

Kindarkhera, bxxi; ‘regur’ soil, Ixxxvi. 

Kolikhara, iii, xii, xxxvili, cxxv, xxvii. 

KRISHNA, Vii. 

Krishna Jhar, c!xxxix. 

Kumbhars or native potters, cxxxvil, 

Kunchri, xvii, clxti. 

‘ Kunchri-stone,’ cxviil, cxxi, ch. 

Kundli-ka-Tar, ferry, clxxiti. 

Kunwadar, Ixxii; basaltdyke, Lrxiii, 


|XXXVIN. 
L 


LACUSTRINE deposits, clxxxiil, claxxvi. 

Lakeless Kathiawar, clxxxiii. 

Lal Bungalow, Porbandar, the resi 
dence of H. H. THe minoOn Rana 
SAHEB, ii. 
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Land reclamation, clxxii, clxxvi, 

Laterised rocks ; amygdaloidal lava of the 
contact-zone, xc; fossiliferous Gaj and 
Dwarka conglomerates, c, cxii; 

‘miliolite, ciii, cxili, cxv, 

Laterite ; Anajio Dhar, cix ; Bakharia, 
xiv, xivii, li, Wi; Bardia, cxiv; 
boundaries near Tukra, cui; calea- 
reous alteration vein, cj; conglo- 
merate, C, CX, CXVill, CXXV, CxXx¥i: 
Pisolitic, ciii, cxiv, cxv; Ranawao, 
xiii, xii; Slrinagar, cxvi, cxxi; 
Tukra, xciv, xcv; Visawara, cviii. 

Lavas,—amygdaloidal and compact,— 
Bakharia, vii; Fatana, guarry, 
Ixxxti; Morana, ixxvii; Morwara, 
cix ; road-metal, Ixxix, xxv; Singra, 
Ixxxiii, Sodhana, |xxvi, 

Lea, MeasHam, M. Inst. C.E., Chief 
Officer and Chief Engincer, Karachi 
Municipality, xxxii. 

Level Datum Pillar, Miani, xcvi; milio- 
lite, ci; shell-sand, ci, 

‘Light-red,' cxiv. 

Lime,—stone for kilning into good,—cxliv, 
cixvi. 

Limestone ; arenaceous, cii, cxxi; concre- 
tionary, cxlvi, cl; Dwarka-Group, 
refer to D; ferruginous, xxviii; Gaj- 
Group, refer to G; gritty, cxiv, cxv, 
cxxi; marly-ferruginows, xxviii; Milio- 
lite, refer to M ; russet, cxxii ; sandy, 
Ril, xxxvi, cvil, cexvill; shaloid, xxviii, 

Limestone-limit; Adatiana,  xxxviii; 
Bileshwar, clxxxviii; Godhana, lix, 
Ix, 

Limonitic-limestone, refer to Gaj-Group. 

Lithedonus, cxliv, clvii. 

Little Cormorants, clxxxiii. 

Lizards, agamoid, cixiv. 

Loading-platform wanted for Bordi. 


MACADAMISING material, xxv, Ixxix. 

M'Cuuty, R. E, J., exxviii. 

Machinery for quarrying and mining, 
=X tii. 


Madhavpur, clvi, clxi, cixiii, clxiv-clxxi. 
Madhavrai-Meda,— Hindu fair, clxiv. 
Madressa Library, xxz:iii. 

Magnesium chloride, cxxiii, cxxix. 

Majiwana, Ixxiv, Ixxv, lxxxiv, 

Malak Dhar or Dungar; granophyre 
quarry-sites, |, li, lvi; granophyric- 
felsite, Ivi, Ixxi; Jhar, Ixiii, bexi; 
Spurs, |, xi, ixii; Vokala, ixv, 
xxi. 

Malak-na-Wao, clxxxiv. 

Male-bamboo, clxxxii. 

Mallards and other wild-fowl, Ixxvii. 

Mander, clxviili, clxix. 

Mangifera indica, clxxxii, 

Mangro-tree, clxxxii, clexxvii. 

Marine-drift, clxviii, 

Marly and sandy clays, clxxxiii, 

Marsh, the Great Salt, xxviii, cxxii h 
exl, exli, cxlv, cxlvii, cli, clvit, clxix, 
clexii, clxxii, chrxiv. 

MARSHALLS LIMITED, cxxvii, 

Meda Creek, xcii, xciv, xcix, 

Mesolite, lexxiii, 

Metamorphism, dynamic, xxxii. 

Miani, xciii-cii; consolidated shell-sand, 
“cli, xciii; coral-rock, xcvii ;Durbar. 
gadh, Ixxxix, xciii ; level datum 
pillar, xcvi; mangroves, xcvii; mili- 
olte, xc, xc; salt-marsh gypsum, 
xcix ; salt-marsh soil, xciy; sea-fowl, 
xevil; shell-sand, xcvi, xcvii. 

Miarolitic granophyres, Ixii, biti, levi, 
clxuxxv, 

Miliolite-limestone ; Adatiana-heichts, 
Vill, x, xi, xliv, cxxx-cxxxiv; Adwana, 
for lime, xxx ; age of, ix; altered, 
cxxxix; Anajio Dhar, cix; analysis 
of, cxxviii; Antlali, clxxix; Arniala, 
exxv, cxxvi; Asiapat, cixxxvii; 
Bakharia, laterised, lvii; Bharwara, 
lvii, Ixxxvi, xcii; Bhatwari Dhar, 
xxxi, xxxiii; Bhomiawadar scarps, 
Ixxviii; Bordi, clxxix ; breceiated, 
xxxili; buff, x; chemical analysis of, 
cxxvili; Chorkhada Dhar, xiii: 
‘Chorsi’, xi; coarse,x; Cocachia 
Dhar, xxi, xxii, clxxix; conglomerate, 
xix, xlii, xliv, xlix, Iwi: Dhartaria 









Re 


eR ah e 


INDEX nt Sa 


Dhar, xiv 
hara Dhar, xxi; Godhana, |x, Ixvi ; 

grades of,cxxx-cxxxivjhighest-grade, 
x; Kandorna, xxvi, clxxix ; Kham- 
bhodhar, drift, xxii; Khirasra,xix, 
xxiii ; limit, xxxviii, xl, xliv ; Khistri, 


; drift, xxiii, exlix ; Glhoj- 


xCii, 
exlix ; 
levi ; 


lnterised, ciii; Miani, 
xcvi, ¢, ci; Mokal, drift, 
Morana, ixxvii; MNagka, 
‘ Nasokia,’ xi; Palakra, cxiii, cxv; 
Pleistocene age of, iii ; Quarry-rail- 
way, vii; Ranawao, clii; ruddy- 
buff, x; Sajanawala Nes, cxci; 
Sij Jhar, ixvi;* Simar, xxix; 
Sodhana, ixxvii; sub-marine origin 
of, vii; Tukra, ci; Vandhra Jhar, 
Ixi, Ixiv; Victoria Jubilee Bridge, 
xxxvi; Wachhora, ixv; Wartu-river 
scarps, Ixxviii; ‘ yellow-stone,’ xi. 

Milk-bush, bexvi. 

Mimusops hexandra, clxxxii. 


xix ¢ 


Minsar river, xix, xxiii, xxv, clxxix. 


Miocene, xcv, xcvil, xcvili; fossils, xxxv, 
cxxiv, civ; limestone, refer to Gaj; 
S@a, Xlii. 

Mithi Khan, cxxxvii, cxxxviii. 

Mitrala, clxxiii. 

Mocha, clx, clxiii. 

Mohr Chupra Dhar or Dungar, xi, x, 
Iv ; No. 2, lxiv. 

Mokal, cxiv, clxvi, clxvin-clin. 

Mollusca, cx. 

Monsoon floods, clxxiv. 

Morana, Ixxvii, Ixxxiv. 

Morwara, Ixxxi, Ixxxv-xciii ; amygdaloi 
dal lava, xciii ; cleaved-basalt dykes, 
ixxxiii; compact bedded-lava, xcii ; 
long dyke, Ixxxiii, Ixxxv, xcii; ultra- 
siliceous ground, Ixxxix. 

‘ Mother-liquor’ from salt-pans, cxxiii. 

Motor traction-wagons, Cxxvii. 

Mud ; alluvial, cxxxvi, clvii; river, clxxv ; 
skippers, cliti. 

Mul Dwarka Dera, cii. 

Mulmadhavpur, clxv, clxvi. 

Municipality of Karachi, xxx, xxxiv, x|, 
xlviil, clxxx. 

Afya, clvii. 
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NAGARARI DHAR, xciv, xcix, c. 

Nagaria, in Navanagar State, Ixxx. 

Nagka, Ixv; basalt spheroids, [xix ; 
fawn-coloured rhyolite, lxvii ; rhyolite 
ridge, Ixxi, [xxii. 

Naliadhar-ka-Tobra, xv, xvi. 7 

Naliadhar State-jungle reserve, xiv, 
“V, XVi, XVil, XIx, xii, 

Naonara Talay, xc. 

Napoleorite, Ixt. 

Narrative Report on the Economic Geo- 
logy of Porbandar State, i-cxcv. 

* Nasakia’ miliolite, xi 

Natou Haya, Patel of Katela, cxv. 

Native potters, cxxxvii. 

Natrolite, Ixxxili. 

Natural-chunam, cxXxxvili, CXXXIXx. 

Navanagar State, Ixxi, lxxii, 
Ixxx, Ixxxvuii, Ixnxxix, cxc. 

Navibandar, clii, cliii-clix ; dunes, cliv ; 
ferry, cli ; sand-spit, cliv. 

Nawagam, hamlet, xxxviii. 

Nawagem or Rajpura, cli. 

Nes,/—Shepherds’ Station,—Azmapat, 

clxxxix ; Chamodra, cilxxxv ; Fatal 
Talav, cata ; Khara Vira, clxxxiti ; 
Khorlar, clxxxiv; Sajanawala, cxci; 
Samiawadar, xxii, Sathvirda, 
xlvi : Thori-virda, clxxxiv. 

' Nuddy',—river—Bhadar, cli; Dha- 
bukli, xlii; Kamad, Ixxxvili; 
Paisani, |Ixx. 

Nur Jhar, exc. 

Nut warpura, Ixx, lxxi, |xxiii. 


Ixxvil, 


OBLIQUE lamination, cviii. 
Obsidian, lexi-lxxiii, 
Occluded creek of Tunkra, cxlitt, cxlvii. 
Ojat-river, clvii. 
Onyx, bexxi, bexxiv, 
Opuntia Dillené di, Ixxv¥i, 
zranophyre, xi, Ixvi, clxxxv. 
Orio-vokala, Ixv, bexii. 
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Ornamental-stone ; felsite, xvii, xviii, «li: 
granophyre, 1, ciexxv; limonitic- 
limestome, xcXVin. 

Ostrea, xcvii, cx), exliv, chexv. 

Oubliette-like quarries of Chaya, cxxxv. 

Ovster-bed of raised-beach, cil. 


P 


PADARDI, cixxvi; blown, alluvial sand, 
clxxvi ; decayed lavas, clxxvii; talav, 
clexvii. 

* Pahiia,—memorial stone, — Palakra, 
exiv; S, of Tukra, xcviii. 

Painted-stork, clxx xiii, 

Paisani-nuddy, Ixx, Ixxi, 

Palace of Rana Saheb, iii, v, xxxvii, 
CXXXViN. 

Palakra, !aterite-conglomerate, cx; li- 
monitic-limestone, cx, cxii ; miholite- 
base, cxiii; yellow-ochre, cxiti, cxviii, 

Paludina, lxxxvi, cxlv, clxvii, clxxv. 

fan supdri,—betel-leaf, areca-nut and 
ime, chewed by natives,—coral-lime 
for, cvii. 

Panch Dera of Miani, cii. 

Pandawadar, cxxiv—cxxvi, 

FParamercia, cxlix., 

Parewara, |x xviii. 

Paria Dhar: basalt-spheroids, Ixix-lxxi ; 
rhyolites, levili, lxix. 

Pata, clxii, clxiii, clxviii. 

Patario-vokala, Iviii, 

‘'Pdis,"—steps,—cxc. 

" Pearl-ash,’ Indian, clxxxviii. 

Pelicans, xcvii. 

Periophthalmus hoelreuteri, clit. 

Phalacrocorax javanicus, clxxxiii, 

Phoenix sylvestris at Khistri, vii, 

Fhalas, cxliv, clvii. 

Photomicrographic apparatus, cxxix. 

Piara Dungar, xvii, xli, cxciil, 

Pinddralite, xxxvi, xxxviil, lili, xcv, xcViil, 
c, Cl, CVIll, CX, CEXIV, CXXVi, 

Pipal arboratum, Kadach, clxxi, 

Pipal-trees, lx, lex, clxxi. 

Pisolitic laterite, ci, civ, cxiv. 

FPlanorbis, |lxxxvi, cxlv, cx) vin. 


rie 


Pleistocene ; early, c; miliolite, ili; sea, 
elxxxviii. 

Pilocene; Dwiirka-beds, civ; fossil-bed, 
CXXV j newer, c. 

Polahpana Bhint, ixii, xiii. 

Pongamia glabra, claxxviii. 

Porbandar; cement works, cxxviii; 
City, i, iii, xxiv, xxvi, xxxiv, xxxviil, 
hi, exxvi, CxxXIv, cxxxvi, cliv, clu. 

Porbander State; “ Narrative Report 
on the Economic Geology” of, i-cxcv. 

Porphyritic-felsite of Ranasar Dhar, 
CCH. , 

Post-Pliocene, Dwarka-beds, xxxvi. 

Potamides, xxxvi, clyxxxiii, 

Potters'-clay : for chatties, cxxxvil, CREIx 
exlix, cli; for native roofing-tiles 
exlix, clii; for superior earthenware, 
exXvi, cxxi, 

Prickly-pear, Ixxvi. 

Products of alteration, clexv. 

Prom pis spicigera, xliti, 

Prospecting drill, civ. 

Province of Kathlawar, clxxxiii, 

Pseudo-cleavage, xxXxii. 

Pseodo-laterite, iii. 

Pseudomorphosis, cil, civ. 

Preudotantalus lencocephalus, clxx aii. 


Qo 

QUARRY ; * Chaya-stone,’ cxxxv ; com- 
pact bedded-lava, Fatana, Ixxxi ; 
* Degam-stone,” cxx ; ‘Kunchri-stone, 
cxvii; "Porbandar-atone,” refer to 
miliolite-limestone, Tunkra  shell- 
sand, cxliv, 

Quarry-sizes ; Fakada Dhar, clxxxiv ; 
Godhana, ixiii: Malak Dhar, lvi : 
Polahpana Bhint, Ixvi. 

Qaarry-water, bexxii. 

Quartiz, lxxxi, Ixxxili, Ixxxix. 


RABARIKHIRA, consolidated shell-gand 
quarry, clei, clei. 

Rabari Nes,—Shepherds’ quarters,—of 
Chaya, cxxxvi. 
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Raised-beach, clix, chexi. Rhyolite ; banded, Ixviii, Ixix, Ixx, Ixxi, 


- Rajmahal-road, Porbandar, iv. 

Rajbura-ruins, cxxv. 

Raxa Sanes, H. H. Tue Mrxor, xx, 
CXXXVIL. 

Rana Saheb’s Palace, iii, iv, v. 

Ranasar; Dhar, cxcii, cxciv; Jhar, 
excii; Talay, cxci, cxciv. 

Ranawad, iii, vi-xviii, exxvill-xlill ; iron: 
smeltings, xii; laterite, xl, mili, 
cxlix; Rallway-line, «xxii, xi; range 
of granophyres, ix ; road, iv, cXciil, 
excv ; station, vii, xii, xiii, xiv, xvi, 
“Vili, XXVi, XXXi, XXXIV, uxuVi, xl, 
xiii, xlviti; town, iv, vi, xxx, REX Vii, 
xl, xiii, clexxil, claxxv. 

Ranghawao, cxxxix, cx. 

Rangpur, old-site, liv. 

Ratarl, cvii, cviii, cx, cxiv. 

Ratia, civi, clvu. 

Ratia Nes, clv, clvi. 

Rawal in Navanagar State, Lexxviil. 

Recent shells, cxliv, calvii, clxviii, clxx, 
claxvill. 

Reclamation of the Great Salt Marsh, 
clxxii, clxxvi. 

Red and Black ‘ Chatfies',—carthenware 
utensils,—cxlix. 

Register of rocks, cxxvil. 

Registered samples, provisionally named, 
ii, iv-wi, x-xVi, =Vili-2X, EXii, XXIV, 
“xvi, X=Vill, XXXiii, XXXVI, KXEVii, xii, 
xivii, lv-lvii, lxv-lxwii, Lxix, ixx, lexi, 
Ixxxiv, Ixxxv, xcii, xcill, c-cil, ci¥, 
cxi, cxii, cxV, C=Xi, CxXXil, ¢xxvl, 
CXXX<CXXXIV, CXXXVili, CXXXIX, cxli, 
exivi, cxlvii, cli, clu, clix, clxiii, 
elxix-clxxi, clxxiv, claxvili, clxxxi, 
clxuaxVi, clexxvii, CXCII-CxXCV. 

Regur'-soil ; Bakharla, |v ; Khambho- 
dear, ixx, Ilxxiv; Kindarkhera, 
Ixxxvi ; Nagka, ixv ; Wachhora, 
Iviii. 

Renawara, cxvili ; Gaj fossils, cxxi, 
cxxiii, CXxi¥. 

Reservoir, site for large freshwater, 
clxxvi. 

Reticular jointing in lavas, Ixxwili, bexix. 


ixxiti; Bawawao, Ixix ; columnar, 
Ixati; fawn-coloured, lxv, lxvii, Ixix ; 
grey, ixx; indurated, Ixxui, [xxii ; 
Khistri-ridge, |xvii, lxviii ; lithoidal, 
Ixxi, lxxii, Lexi; Nagka-ridge, becxi, 
ixxii ; obsidian, xxii; Paria Dhar, 
Ixviii, lxix ; Rojhra, lxxi. 

Ripping Ammonite, lx. 

Rip rap, lxxvi. 

River; Bhadar, cli, clxxii ; Minsar, 
xix, xxii, xxv, Clxxv, clxxvi, chcmix ; 
Ojat, clvii. 

River-gravel, consolidated, cv, cxi. 

River-sand, lxexiv, xecii, oxi. 

Road-making machines, cxxvil. 

Road-metal ; bad, xii; basalt dyke rocks, 
xci: basalt-shingle, Ixxxii, Ixxxii, 
Ixxxvii, Ixxxvill; compact lavas, 
Ixxix, Ixxx, Ixxxviii, xciii ; good, xv; 
granophyres, clxxx, clxxxv; high- 
grade, |, Ixii ; miliolite used for, xxvint, 
xii. 

Roches moutonndées dunes, cviii, clviii, 
chexvi. 

Rock-plains ; bedded-lavas, Ixxviii, Xxci, 
xciv, xcvinl ; Dwarka-beds, clxxi. 

Rocks, register of, cxxvii. 

Rojhiwara, |xxix, Ixxxiv. 

Rabber, cxci. 

& 

SAJANAWALA NES, cxci, cxciv. 

Sakhpur, yellow-ochre, xcvili, cx, 

Salak Tobra, cxlii; white limestone, 
cxli, cxlvil. 

Salt, evaporated, cxxiil, cxxxvi, cxliii. 

Salt-Marsh:or Waste, the Great ; 
xxvii, cxxii, cx], cxli, cxlv, cxlvii, 
exiviii, cli, clvii, clxix, clxxii, clexii, 
clhexiv. 

Salt-pans, cxxii, cxxiii, cxxvi. 

Samlawadar Nes, xxii. 

Sand ; blown, xcviii, cil, cliv, clx, olxiv, 
clxv, clxxvi; decomposed granophyre, 
x; felsitic, ==, lvi, cluxxii, clxxx, 
elxxxvil ; river, lxxxiv, xcii, cxi ; sea- 


beach, cvi, cvii, cxi, cxlvii, clix, clxin. 
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Sand-dunes, xcv, cviil, cxvii, cxliii, cli, 


cliv, clvii, cix ; inland consolidated, 
elxiv, clxvi, clxix, 

Sandy-bar or spit, cliv. 

Sandy, marly clays, clexxiii, 

Sarwanl Wao, | ; granophyre, lvi. 

Sathvirda Wes, xivi, clxxxii, clxxxiv, 
cluxxv. 

Scar of Gelansar Dhar, clxxxiii. 

Sea ; Miocene, xin ; Plastocene, claxxviii. 

Sea-fowl at Miani, xcvii, 

Sea-sand, cvi, cvil, cxi, cxivi, clix, clxiii. 

Sea-water, chemical analyses of, xcix, 
xxi. 

Secretariat, State, xxxiii, 

Sedgees, clviii. 

Shells, Recent, cxliv, cxlvii, clxviii, chex, 

Shell-sand ; coarse and loose, cviil, ext, 
cxxxiv, clxx ; consolidated, refer to 
C ; consolidating, iv, v ; Sub-recent, 
iii, cxix, cxxil, clxii, clxiii, clxviil. 

Shelly-limestone,—Dwarka Group,—cxxi, 
CXX, CXXVi, cli. 

SHIVSINH]I, KUMAR SHERI, CXVi, CXXI. 

Shoveller, duck, clxxxiii. 

Sij Jhar, xiv ; No. 2, Ix, lxiii. 

Sikasa, clv, clvii. 


* Simani, tii, lili, xviii, cxxiv. 


Simar, Ixxviii, xxix, Ixxxiv. 

Singra, |xxxii, Ixxxiii, Ixxxv. 

Sifinagar, cxii, cxiv, cxv, cxvi, exviil. 

Sisal hemp, clxxii. 

Sishi, txxiii, xxv, Ixxxiii, Ixxxv, Ixxxix, 
xc ; Site for talav, Ixxxix. 

" Sleepin'-stane’, |xii, 

Sodhana, ixxiv, Ixxvi-lxxxv ; miliolite, 
Ixxvil, ixxxiv; Wartu-river over- 
flows, Ixxvii. 

Sol; deep bedded-lava, Ixxx, Ixxxviii; 
fertile detrital, xiv, xvi ; limonitic-lime- 
stone, ci ; red lateritic, ci; salt-marsh, 
xciv, c ; Volcanic, clxxvii. 

Sorti-nuddy, Ixxix, lxxx. 

Spatula clypeata, clxxin. 

Spheroidal bedded-lava, peculiar, xci. 

Spheroidal shrinkages, xxx, clxxxiv. 

Spherulitic felsite, xvii, xviii, clexxix. 

Spurs from Malak Dhar, |. 


INDEX 


Stagnant underground water, cxlvin, 
exlix, clexvii. 

State-engineer, Xxxil, xxxiv, 

State-jungle reserve ; Adatiana, xliv, 
Godhana, I: Naliadhar, xiv Xiv-xvi , 
XV, xxix, xii, 

otate-Secretariat, xxxiii. 

Stem-like amygdales, xc. 

Stone-breaking and sorting machines, 
CxXVil. 

Stones economic,—strong, durable and 
ornamental, —cxxvil, 

Stork, the painted, clxxxiii, 

Strombus gigas, cxvi, Cxxi. 
Sub-aerially consolidated © blown-sand, 
CXXXvii, CXxxix, clxiv, clxv, clxvii. 
Sub-aerially consolidated shell-sand, cxix, 
cxxiil, cxxxvii, cxli, cliv. 

Sub-Recent and Recent elevation of the 
land, cliv. 

Sub-Recent fossil shells, xciv, c, cxix, 
cxxxvil, cxliv, cxlvii., 

Suli-na-Pani, Ixiv, clxxxiv, 

Sultanpur, xvi, xix. 

Sundrawadar, old-site, lexxiij, bexxvin. 

Surface-drainage, conservation of, cxlviii, 

Sweden, orbicular structure, |i, 

Sweet Karaunda, clexii., 

Symons, R. SYDNEY, Manager, Cement 
Works, Porbandar, cxxviii. 


T 


TACHYLYTE at Morana, ixxvii, Ixxxiv. 

‘Talev, —Reservoir,—Balvi, cxxxvi, Del- 
odar, clxxv; Doli, xlvi; Hinkasar 
Ix, Lxitt; Khambala, clxxxii, clxxxii' ; 
Mokal, cxlviii; Naonara, xc; 
Padardi, clxxvii; Sisli, good site 
for, Ixxxix ; Ranasar, cxcii. 

Tanner's Cassia, xxiii, xlv, bexvii, 

* Tedutri ' or Umbrella-babul, xxiv, xxxi, 

Teak, Bastard, xxix, exci. 

Yellina, xcvii, cx), clvii, clexy, 

Temrl, —old-site,—Ixx, Ixxi. 

Termites’ mounds, xliv. 

Tertiary Period, iii. 

Thoranta-vokala, clxxxii, 

Thori-virda Nes, clxxxiv, 


= 





Travellers’ Bungalow, Navibandar, 
cliv. 
‘Tukra, xciv ; laterite, xcv 
‘ Tukralite,’ xcv, c, Ciii. 
Tunkra, cxiii; small quarry of good 
consolidated shell-sand, cxliv. 
Turrifella, cxliv. 


u 


ULTRA-SILICEOUS ground, lxxxix. 

Umbrella-babul, xxiv, xxxiv. 

Underground water-level ; Bapodar, c 
Ranawao, cl; Wadwala, cl. 

Underground, water-supply, Ixxvi; stag- 


nant, ¢xivi, cxlvili, cxlix, clexvii; 
water-level of the great dyke, 
bexx-vidi, 
C'nie, Ixxxvi, clxviii. 
Untra, clviii. 
Uromasti« hardwicket, spiny-tailed lizard, 
* clxv. 


V 
"VAN," Madhaypur, cixiv, 
Vandhra Jhar, |xi, Ixiv. 

Variations in Dwarka-Group beds, clvi. 
clxv, clevi. 

Vasaliya Dhar, Ixiv, Ixvi. 

Vasara Vokala, clxxxii. 

Vegetables at sea-side, cxvii, clviii, 

VWeler Khan, clxvii. 

Menus, exliy. 

Victoria Jubilee Bridge, xxxvi, xxxvii, 
MMMVIL. 

Vija Dhar, granophyres, xxi, xxii, 

Vijiaria Jhar, cl«xxxiii. 

Vijfaria Vokala, clxxxii, clxxxiii. 

! Vinjal Kot, xivi, xhx. 
| Vinjhrana, xlvil. 

Virawao, clxiii, 

Virpur, iv, cxciii, cxcv. 

Wisawara, cii, civ-cxii, 

Votala; Alaswania, liv ; 
clxxxi, clxxxvii; Dhangawa, <xix, 
xxi, clxxix; Hathiani, xceviii ; 
Hugli, cixxv; Malak, ixv, Ixxi; Orio, 
Ixy, xxii; Patario, Iviii; Thorania, 








Bileshwari,. 





cluxxii; Vasara, clxxxii; Viffaria, 
clxxxii, clxxxii ; Wandana, iv. 
Volcanic soil, choxvii. 


WACHHORA, ‘regur’ soil, !viii. 

Wadala, Ixxxix, xc; basalt-dyke, xcviii; 
laterite-conglomerate, c. 

Wadwala, xxvii, cl, 

Wagons, motor-traction, cxxviil. 

Walotra, xxiii, xxiv. 

Wandana Vokala, iv. 

Wartu River; delta, xcix; miliolite 
scarps, Ixxwviii; marrows, Ixxxvii ; 
overflows at Sodhana, Ixxvii ; rip- 
rap, Ixxvi, lxxvii; sand, Ixxvii. 

Water-level, underground, Ixxxviii, cl. 

Water-supply, surface, cxlviii, 

Watson ann Sons, Louren, 313, High 
Holborn, London, cxxix, 

Well-shafts sunk alongside of basalt 
dykes, Ixxvi. 

White granophyres, xx, clxxxi, clxxxv, 

Wild-ducks at Visawara, cv. 


YELLOW decayed felsitic earth, xxiv. 

Yellow limonitic-limestones, xxxviii ; refer 
also to Gaj. 

Yellow-ochre; Palakra, ecxiii, cxiv, cxv; 
Sakhpur, xcviii, ‘ci, 


z 
ZEOLITES, lxxxix. 


Zeolitic amygdales, Ixxxvil, exci; stem- 
like, xe, 
Zeolitiferous lava, lxxxiil. r 


“ivphus nummularia, Cxcii. 
#isyphus splopyrus, cxcii. 
Zoospores of Alger, clxxxiti, cxcii. 
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INDEX TO THE QUARTERLY REPORTS. 


Scientific and Vernacular Names are printed in Jfalier; Names of Persons in 
SmMatt CaPpitats; Names of Places in Thick Type and Names 
of Subjects in Ordinary Type. All Numbers refer to Pages. 


ABAPURA Dungar, Barda Hills, 6-7. 

Aberdeen, grey granite of Rubislaw 
Quarries, 3. 

Abyssal rocks classified, 3. 

Acacia planifrons, 10. 

Acid lavas, 4, 35) 35) 55, t19, 1939-196; 
molten-magma, 4; Viscosity of, 14. 
Adatiana-Heizghts, 1, 15, 19, 25, 45, 65, 
100; brecciated and concretionary 
conglomerate, 53; grey granophyre, 
163, 114; highly ornamental holocry- 
stalline granophyre, 114; limestone- 
limit, 25, 52; main-miliolites, 48; 
ornamental spherulitic felsite, too; 
Tertiary depression, 15 ; village, 52. 

Adodar, 69; wolian consolidated sands, 
Gy, 7o, Bg. 

Apve, E. Howarp, F.G.S., e&Tc., , 3, 
6-5, 14-16, 16, 20, 25, 26, 99, 54, 57-59, 
Si, 96, 131, 196, 1435, 145. 

JEolian sinds, Adodar, 69; Milani, €o. 

Agamoid lizards’ burrows, 67. 

Agate, moss, 83. 

Age, geological, bedded-lavas, 13, 51 ; 
Dwirka beds, 86; GAj beds, 56; 
bypabyssal rocks, 937; laterites, 28; 
miliolites, 17, 91 ; rhyolites, 38. 

Alech Hills, 6-7, 14, 96. 

Aig, laminarian-zone, 15, 47; Lifhofham- 
nfem, 92, 141, 142 and most sediment- 
ary rocks of littoral-marine, origin,— 
quod tide, 

Allothigenous constituents, 139. 

Alluvial deposits, backwater and salt-pans 

site of Porbandar, 6;; Chaya, 66; 
freshwater Ger or Great Northern 
Marsh, 62; Great Salt Marsh, 6;, 
‘3; gvpseous, 60; saliniferous mud 
of Miani, 6o, 


al 


Aloe vera or Barbados-aloe at Porbandar 
City and Pata sea-shore, 77. 

Altered rocks :—amygdaloidal basalt of 
Sajanawala Wes, 123-125; coarse 
granophyre of Babia Dungar, 109 ; 
"fissile amygdaloidal basalt near More 
Waera, 125, 126; grey-green chemi- 
cally metamorphosed bedded-lava of 
Bhavpura, 126; laterites, guod vide ; 
Palagonite, 119, 130, 165, 166; stem- 
like contact-rone of bedded-lava at 
Morwara, 125-129; white granco- 
phyres of Jaderra Dhar and Kari 
Dhar, 110, 

Aluminium-ore, bauxite, 31, 129, 132. 

America, United States of, light 
volcanic rocks or rhyolites used as 
building-stones, 36, 135; orbicular 
granites, 111. 

Amygdales, altered, 123-125; calcite, 32; 
coated with silicides of iron, 84; silice- 
ous, $2; zeolitiferous, 52. 

Amygdaloidal lavas, $2, 83, 122, 125-125 ; 
altered, 123-125; ornamental, 83; 
porosity of, 84; zone, 52. 

Analyses, chemical, Barda Hills rocks, 
94; miliolite, 53 ; * mother-liquor ' 
from salt-pans, 72. 

Analyses, optical, see ‘ Petrographical 
Determinations,’ go-166, 

Andesites, 4. 

Applied petrology, 2. 

Aragonite, 151. 

Arenaceous-limestone, Gai, 147. 

Artesian well-shafts, Bhad, 74 ; for tha 
elevated parts of the Great Salt 
Marsh, 73. 

Arthropoda, 143. 

Asiapat, altered lavas, 85, 124-125, 

Asiawadar, old-site, bedded-lavas and 
miliolite-base, 71. 
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Astarte Ayderabadensis, 142. 

Augite, clastic grains in blown-sand, 166 ; 
constituent of igneous rocks, 8st 
‘ Petrographical Determinations, 90- 
166; segregation of granules, 125. 

Authigenous constituents, 139- 


B 
RABADESHWAR Temple, dark 
Crwdrka limestones, 64. 


Babla Dungar, 99 ; altered coarse 
granophyre, 109. | 

Babudi Kban near Madbavpur, 
consolidated blown-sand, 76. 

Ball-diorite of Corsica, 111. 

Bapodar, alluvium. bedded-lavas, miliolite- 
base, 71. 

Rarbados-aloe, sea-shore at Pata and 
Porbandar City, 77- 

Barda Hills, 6,7, 14. 25,39; Abapura 
Dungar, 6-7; building of the, 40, 41; 
Cretaceo-Eocene, 40; foci of eruption, 
14, 40; Gaj-limestone clastic units in 
miliolite of, 6g; geographical position, 
30% geological age, 49; succession of 
rocks, 90. 

Basalt, 2, 4; altered, 123-125; 126, 125, 12q; 
amygdaloidal or wpper-rone, 122; 
Bakharla, 137; clastic units of in some 
miljolites and other limestones, gacd 
wide; densely black, 137, 135 ; dykes, 
nay, 139; fine-textured, 137; Kune- 
wadar-Majiwana-Sisli dyke, 135; 
polyhedrally jointed, 137; road-metal, 
137 138. 

Basic-glass of lavas, 159. 

Basic-lavas, 4, 35. 39, 85, 136-135; dykes, 
Ss, 136-198 ; mobile, 14, 38; molten- 
PATA, fe 

Bauxite, 41, 129, 132. 

Redded-lavas, 13, 81, 119-133; age of, 13, 
119; alteration, 54; amy gdaloidal, 122; 
Asiawadar, 71; Bapodar, 71; com- 
pact-zonc, iz0-122; contact meta: 
morphism, 84; ‘country-rock, 49; 
Decean-Trap Period, 120; Kandorna, 
71; laierisation, 27; locale, 84; meta- 
chemic changes, 27: Mokal, 70, 71; 


INDEX 


physiographical features, 54; upper- 
zone, 122; Wadwala, 71; zones of, 81. 

Bhad, alluvium, 74. 

Bhadar River, 74, 75- 

Bhado Dhar, consolidated shell-sands, 
152, 153; Giij-limestone, 64; light and 
dark-brown, purplish and black 
Dwirka-limestones, 64. 

Bharwara, 42, 64, 86, 142; coral-zone 
142; Gaij beds, 62. 

‘ Bharwaralite,” newly named ornamental 
limonitic-limestone, 42, 62, 86; micros 
copic structure, 146, 

Bhatwarl Dhar, incipient spherulitic 
felsite, 96-98. 

Bhavnagar, 4!. 

Bhavpura, chemical metamorphism of 
basalt, 126, 

Bhil Jhar, 26, 53. 

Shoira,—cave,—Jambuvanti, 49. 

Black voleanic-glass, 18, 33, 34. 35- 

Buaxrorn, Dr. W.T., LL.D. F.R,S5., 
A.R.5S.M., 40, 

Blast-furnaces, for local iron-smelting, 3!. 

Blown-sands, conservation of, 54, 57) 55: 
64; consolidated, 66, 65, 89; geological 
importance of, 76; plants concerned in 
the conservation of, 76,77; Sub-recent, 


Sq. 

Bokhira, Dwiirka flagstones, , 44; Gaj 
fossiliferous beds revealed by new 
well-shaft, 15. | 

Bole, 26, 131. 

Bordl, suggestion for Railway-station or 
loading platform-siding, 99, 117. 

Bosses, 4. 

Brecciated conglomerate, 20, 43. 

Areynia carinata, 142. 

Brick, microscopic structure of, 26, 

Bridges, piers of, 84. 

Brissopsis, SP., 142. 

Brucite, LEMBERG'S microchemical tests, 
145+ 

Aryoroa, G2. 

Building-stones, consolidated shell-sands, 
453 ‘Degam-stone, 45; Dwarka flag- 
stones,45; "Kunchri-stone,’ 45; laterites, 
41; miliolites for elevations, 
rhyolites, 36. 
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c Cleaved basalt of Sisli, 138. 


CALCITE, amygdales, 82; secondary 
matnx in mosaics or fibrous in both 
sedimentary and sub-aerial rocks, see 
* Petrographical Determinations," 
go-166. 

Calcutta, 51. 

Carapace of crab, 143. 

Cardium friforme, 142. 

Carter, Dr., 46. 

Cassis sp., 142. 

Cement Company, Ixpiax, Porbandar, 94. 

Centric systems, 6-7, 11, 12, 105. 

Cephalopoda, 142. 

Certthium rude, 142. 

Ceylen, use of laterite for building, 31. 

Chalcedony amygdales, 82, 124, 

Chart, coloured geological, 20, 25, 42, 48, 
B1, 

Chaya, consolidated blown-sand, 66, 89, 
163, 64g; consolidated shell-sand 
breakers and flagstones, 66, 154, 155% 
geological section, 75; sand-dunes, 66. 

‘Chaya-stone, blown-sznd sub-aerially 
consolidated, 66, 89, 163; causes of 
perforations in, 67; market value and 
uses, 68; microscopic structure, 89, 
164; oubliette-like quarries, 66, 67, 

Chirla of crab, 143. 

Chemical composition of rocks, 2, 7; 
Bhatwari Dhar stone, 96; hypa- 
byssal, 94, 99; miliolite, 58; ‘mother- 
liquor’ of evaporated sea-water, 72. 

Chemical metamorphism, 126. 

‘China-clay’, production by 
tion, INN. 


kaolinisa- 


- Chirora-ka-Tobra, false-bedded decayed 


miliolite, 69. 
Chotila Hill, 46. 
Chunam, natural, 63, 
Cidaris depressa and C, granulafa,142,143. 
City-creck, Porbandar, consolidated 
shell-sand, 151, 152. 
Cladocora sp., 142. 


‘Clastic units or derived particles, 59 ; 


importance Of comparative sizes of, 
163; * Petrographical Determinations’, 
go-166. 


Cleaved felsites, Ranasar Talav spur, 
99; Sajanawala Nes, 93. 
Cleaved porphyritic granophyre of Dhori 


Dhar, 107. 

Cleaved structure, in felsites, 95, 99; 
hypabyssal rocks, 98. 

Cliffs of miliolite, Diu Island, 47; 
Jaferabad, 4>. 


Clypeaster depressus, 143. 

Coal-black obsidian, 133, 144. 

Coastal borderland, geological structure | 
shown by diagrammatic sections ; 
see " List of Plates." 

Cocachia Dhar, granophyres, 117. 

Celenterata, 142. 

Colombo, 51. 

Colour-changes in rocks, 26, 27, 95. 

Colours and signs, conventional, on the 
Geological Chart, 20, 25, 42, 48, 53 

Columnar jointing, 5, 122. 

Commercial products, Gaj Group of beds, 


42. 


.Compact-none of bedded-lavas, 83 ; econo- 


mic products, 84;olivine-basalt,120-122, 

Coneretionary deposits, 162; miliolite- 
base, Oe, Q3- 

Congiomerates, Dwirka beds, 10; fos- 
sitferous limonitic-limestones of the 
Gaj beds, 16; laterite, 28 ; ae, 
89 ; Sub-recent, 89, 

Conservation of coastal blown-sand, 54, 
57) 5% 64; plants concerned in the, 
76, 77+ 

Consolidated blown-sands, 66, 77, 78, §, 
162, 163. 

Consolidated shell-sands of the Dwarka 
beds, 10,17, 21, 63, 66, 69, 57, 199 5 
Bhado Dhar, 152, 153; Chaya, 
near shore, 154; Khari Khan, 162 ; 
microscopic structure, 151-162 ; 
Mulmadhavpur, 157 ; Navibandar, 
87, 156; Porbandar City-creek, 
151; Rabarikhira Khan, 158, 159; 
seashore breakers, 150, 151; 
Tunkra, with pronounced fibrous 
calcite matrix, §7, 195, 156. 

Consolidated shell-sand, Sub-recent, 44, 
63. 
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Consolidating raised-beaches, 162. 

Consolidation, intratelluric and effusive 
periods of, 126, 138. 

Contact metamorphism, 54; laterised 
basalt, 125; rhyolites, 33. 37: 

Contact-zone of bedded-lavas, 54, 159. 

Convolvulus pes-capra of ROXBURGH, 76. 

Coralliferous limestone, 43, 47: 

Coral-reef, fringing, 159 ; recalcified, 61, 
iso; Visawara, 45. 

Coral-rock, 43; 47) 159- Dees 

Corals, clastic units of in most Tertiary 
and Post-Tertiary sedimentary and 
sub-aerial rocks, see * Petrographical 
Determinations’, go-166, 

Coral-zone, Bharwara, 142. 

Corsica, Int. 

Corsite or orbicular-diorite, 111. 

‘ Country-rock’ of the Province, 40. 

Crab, carapace and chela of, 143. 

Creck, Meda, 43; Porbandar City, 
65, 69; Visawara, 45- 

Cretaceo-Eocene, 13, 19, 40, 81, 119. 

Cretaceous Period, 13; bedded-lavas, 84; 
Upper, 40. | 

Crustacea, fragments, 143, 144+ 

Cryptocrystalline structure, 6-7, 9, 1, 37+ 
95+ OY. 

Cryptographic intergrowths, 12. 

Crystallites, 37, 97» 134+ 

Cucula frigonalis, 142. 

Curbstones, efc., 34. 

Cyperus rotundus and C. stoloniferus, 76. 

Cyprea Aweterosa and ©. nasula, 142- 

Cyprina sp., 142. 


DACITES or quartz-bearing andesites, 4. 
Dark volcanic rocks, §5, 136-138. 
Deccan-Trap, 13. 19, 20, 40, 81, 120. 
Degam, 43, 44, 63, 56. : 
Degam-stone,’ ase 63, 86, Sy, iso; Mmucro- 
scopic structure, 87, * List of Plates * ; 
special uses, 64, By 
Delta of the Wartu river, 60. 
Denudation, 17,40; prolonged, 40; sub- 
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aerial, 18; Tertiary and Post-Terti- 
ary, 46. . 

Deposits, aolian, 18; Recent, 15; Sedi- 
mentary, 13; Sub-recent, 18. 

Depression of the coastal-borderland in 
Miocene times, 14; in the Pleistocene 
Period, 15. 

Derived or clastic particles, 59. 

Determinations. See ‘Petrographical 
Determinations, go-166, 

Detritus, 18. 

Devitrification of rhyolites, 37. 

Dhanak Dhar, 19; outlier of hypabyssal 
rock, 71; porphyritic microcrystalline 
felsite, 103; see ‘List of Plates" for 
diagram of geological structure. 

DOkear,—Hill,—Bhatwari, 96-95; Coca- 
chia, 1:7; Dhanak, 19, 71, 103; 
Dhebar, of; Dhordi, 117, 118; 
Dhorl, to7, 116; Gadhia, 105; 
Gured, 111; Jaderra, 110; Kari, 
110; Khoria, 113; Ladha, too. 

Dhebar Dhar in Navanagar State, 96. 

Dhordi Dhar, finely-textured porphyritic 
granophyre, 117, 118. 

Dhori Dhar, cleaved porphyritic grano- 
phyre, 107; finely-textured porphyritic 
granophyre, 116; typical granophyre, 
106, 

Dhorlo Dhubho, spur from the mountain- 
massive near Godhana, 111. 

Diabases of hypabyssal basic rocks, now 
incleded under the group of dolerites, 
2,4 

‘Diagrammatic Sections’ to show the 
geological structure of the * Coastal- 
Borderland.’ See ‘List of Plates.’ 

Differences between felsites and rhyolites, 
37: 

Diminutive spheroids, 122. 

Diopside, a pale green, (colourless in thin 
sections), variety of monoclinic 
pyroxene, (augite), 125, 151. 

Diorites or abyssal holocrystalline rocks 
typically composed of soda-lime fels- 
pars, (oligoclase, andesine, labra. 
dorite), and hornblende, 3. 

Discoidal amygdales in fissile basalt of 
Wadala, 127. 
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Dittmar, Dr. W., analysis of normal sea- 
water, 72. 

Diu Island, miliolite cliffs, 47. 

Dolerites or bypabyssal holocrystalline 
rocks, typically composed of triclinic 
felspars and pyroxene, 4. 

Dolomite, LemBenc's microchemical tests, 
145: 

Dolomitisation, 144, 145. 

Dolomitised limonitic-limestone, 16, 144. 

Dera-pana,—white-stone, the native name 
for miliolite, 57, 66. 

Dosinia preudoargus, 142. 

Drift, miliolite, 6s. 

Duscan and SLADEN, 142. 

Dunes, sand, 21, 8; Chaya, 65; 
Khimeshwar Temple, 63; Kunchri, 
63; Miani, 60; Porbandar City, 63 ; 
Tukra, 61. 

Dungar,—Mountain,—Babia, 99; Bhat- 
wari, 96; Mohr Chupra, 114; Piara, 
0. 

Durability of rocks, 7, 3. 

Dust, burnt volcanic, 26, 

Dwarka, sea-port of the Gaekwarli 
Taluka of Okhamandal, 145. 
Dwarkadish-gardens at Bokhira near 
Porbandar City; Gij fossiliferous 

beds in new well-shaft, 15, 141. 

Dwirka Group of beds, 149-162; Adodar, 
rubbly and concretionary, 7O; age of, 
42, 44; Balej, 75; Barda Hills, 56; 
Bhado Dhar, 45; Chaya flagstones, 
66, 154; commercial products, 44, 45: 
coastal borderland, 86; conformity 
of the Gij and Dwirka Groups of 
beds, 149; consolidated shell-sands, 
87, 150; coralliferous limestones, 43, 
47, 61; Degam, 43, 44, 56, 57; 
Katela, 43, 44; Kolikhara, 43, 44; 
Kunchri, 43. 44, 56, 87; Mianl, 4:, 
6o; Navibandar, 75; Pata, 75; 
Plio-Pleistocene, 42, 44; Ranawao, 43, 
44; Srinagar, 43, 44, 56; Sub-groups, 
14y, 150, 159, 160 ; total thickness, 44; 
Tokra, 61; Tuonkra, 73, 155, 156: 
Visawara, 56. 

Dykes, 4, 20; acid, 38, 85, 133-196; age 
of, 13; basic, 38, 85, 136-138; colum- 


nar jointing, 5; Eocene, 85; later 
eruptives, 20; light volcanic, 85, 133- 
136; peculiar jointing in small, 6; 


polyhedral jointing, 7; rhyolite, 
85, 199-156; small, 7; spheroidal 
shrinkages, 5. ' 

E 
EARLY-PLEISTOCENE, Upper Sub- 


Group of the Dwirka beds, 159. 

Earth, saliniferous, clayey and marly soil 
of the Great Salt Marsh, 70. 

Earthenware, microscopic structure, 26, 

Earthy hematite, 26. 

Echinoderm remains, Gij, 141, 146. 

Echinadermata, 142, 143. 

Echinoidea, tissues of, 144, 151-153, 155- 
155, r6o, 162, 

Economic products, bedded-lavas and 
dykes, 5, 13, 81, 84, 119, 133; Dwiirka 
beds, 44,45, 75, 86, 83; Gij beds, 62, 
56; hypabyssal rocks, 4, 5, 20, 93: 94, 
95, 100, 110, I1f, 812, 114-117; milio- 
lites, 1, 2, 57, 55, 90; sub-nerial rocks, 
6S, 77, 75, 162-166, 

Ectocysts of Folysoa, 144, 146, 147- 

Effusive period of consolidation, 126, 148, 

Elevation of the land since the Pleistocene 
Period, 7o. 

‘Embryonic * crystals, on. | 
Eocene Period, 13; volcanic activity in 
Early, 13, 84, 119; Lower, 40, 136. 
Epidote, a monoclinic silicate of alumina, 
lime and iron-oxide with water; 
usually bere a product of alteration 

124. 

Erratic blocks of highly ornamental 
holocrystalline granophyre, 114. 

Eruption, foci of volcanic, 14. 

Eruptives, later, 20. 

Etna, Mount, 131. 

European geological record, 13, 19, 49. 

Evaporated sea-salt, 71. 

Evolution of laterite, 41. 

Excavations at Babudi Khan, Madhav- 
pur 76. 
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FALSE-BEDDED rocks, Dwirka beds, 
Degam and Kunchri, 64; Salak 
Tobra, 6; miliolite-base, 20, 69. 

Fenoes, Francis, A.R.S.M., F.G.5.. 
16, 21) 39) 40, 42, 44, 46, O1, 142, 149. 

Felsites, Bhatwari Dhar, 96; Bhil 
Jhar, 26; chemical composition, 
HM 8; cleaved, 95, 99; definition, 
g 1, 2; Dbhebar Dhar, 95; 
difference from rhyolites, 37, 133; 
economic attributes, 95; ground- 
mass, 95; Javantara (iara, 99; 
Krishna Jhar, 99; ornamental, 95, 
99; physical properties, 9; Ranasar 
Talav, 99; Sajanawala Nes, 93; 
Satavari Jhar, 5; specific gravity, 
47; spherulitic, 8, 11, 99; uses of, 9. 

Felsitic granophyre, 1093; E N E. of 
Ranawao senna roy. 

Felsitic structure, 6-7, 8, 9; distinction 
from granophyric, 97- 

Felspar, 6-8; fibrils, 8, 11; intergrowth 
with quartz, 7, 8 10; in nearly all 
igneous and a few sedimentary rocks, 
see * Petrographical Determinations’, 
go- 166. 

Ferro-magnesian minerals, 37. 

Fibrils of felspar and quartz, 8, 11. 

Fissile, amygdaloidal basalt near Mor- 
wara, 125, %r26; amygdaloidal 
olivine-basalt at Wadala, 127, 125. 

Fisgstones,‘ breakers" on the shore= 
line, 63; Chaya, 66; foraminiferal, 
161; pale-coloured, of the Dwirka 
Group, 64. 

Floors, strong attrition-resisting stone for, 
526 

Flow-structure, rbyolites, 34, 25. 

Foci of eruption, 14, 40. 

Foraminifera, 12, 14-16; Bhirwarialite, 
146; bottom-dwelling, 18; Dwirka 
beds, 150: Gij beds, 141, 144, 147; 
miliolite, 92+ pelagic, 18; shattered 
in blown-sands, 89. 

Fossiliferous beds, Dwirka at Tukra, 
61 ; Gaj at Bokhira, 15; Sirinagar, 
63, 141; Tukra, 6:1; Visawara, 61, 
14!. 


GADHIA DHAR, typical well-developed 


granophiyre, 105. 

Gaj Group of beds ; arenaceous limestone, 
147; basement beds, 140; Bokhira 
well-shaft, 65; ‘breakers along 
coast-line, 65; City-creek, Por- 
bandar, 65; clastic units in miliolites 
of Barda Hills, 65; clastic units in 
most Pliocene and Post-Tertiary 
rocks,—see ‘Petrographical Deter- 
minations’, 90-166; commercial pro 
ducts of, 42, 62, 86; conglomerates 
rich in fossils, 15, 61, 63, 65, 14t; 
economic products, 42, 62, 86; Gaj- 
river in Sind, 140; locale, 55; 
Miocene age, 140; ornamental stone 
from, 15, 16, 6a, 56, 40; over- 
lapping laterite, 41 ; Tukra, 41, 61; 
Virpur, 15; VWisawara, 41, 61, 62; 
yellow colour, 41. 

Gardens, Dwarkadish, Gij beds, 15, 141. 

Geikie, Sim ARCHIBALD, O.M., E.C.B., 
D,C.L,, LL.D, Se.D., F.RS., 144. 

Geodes, 82 ; moss-agate, 53. 

Geological Collection, additions to the 
State, 147. 

Geotectonic memoranda on the structure 
of the Coastal-Borderland of Por- 

Ger or freshwater marsh, alluvium, 62. 

Girnar Mountain in Junagadh State, 
rr 

Glacial Period, 21. 

Glass, isotropic and devitrified. See 
* Petrographical Determinations’, 
go- 166, 

Glassy rocks, ro, 35 ; black obsidian, 45. 

Globigerinida, 14-15, 92, 158, 161. 

Glomero-porphyritic structure, 121, 1.24. 

Godhana, orbicular cranophyre near,1i1. 

Qorsar, consolidated blown-sand, &, 

Goa, blown-sand, 73 ; Dwirka beds, 73; 
Sub-Recent consolidated blown-sand 
quarry, 73: 74+ 

Grading of miholtes, 50-52, 59- 

Granites ;:—Abyssal holocrystalline rocks, 
composed essentially of more or Jess 
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even-sized units of alkali-felspar 





(potash or soda or both), quartz, and granophyre, 114. 
a terro-magnesian mineral (usually Gured Dhar,  orbicular granophyre, 
mica), with accessory constituents, 2, 1tt-113, 


3; grey-granite of Aberdeen, 3% 
orbicular of America, Ireland and 
Sweden, 111. 

Granophyres, or rocks composed essenti- 
ally of, or exhibiting a ground-mass 
constituted by a micrographic inter- 
growth of felspar and quartz. 
Abapura Dungar, Barda Hills, 
t-7; altered coarse rock of Babla 
Dungar, '09; analyses, 94, 953 
‘centric-systems, 105; chemical 
analyses, 94 ; clastic particles in some 
miliolites and other limestones, sec 
« Petrographical Determinations , 
go-166 ; cleaved porphyritic of Dhori 
Dhar, 107 ; coarsely-textured rocks 
of the * Heart-of-the-Hills’, 109 ; 
definition, 8, 12; erratic blocks of 
highly ornamental rock, 114 ; felsitic, 
,o4; grey rock of Gudazall Dhar, 
a4; Khorla Dhar, 94, 113; and 
Sathvirda Nes, 109 ; highest grades 
of, 12; holocrystalline, 114, rts ; 
optical analyses, 95; orbicular of 
Gured Dhar of Dhorio Dhubho 
near Godhana, 111-113 ; strength of, 
8; sub-holocrystalline of Vijfaria 
Shar, 107; typical, of Wadwala, 
Alech Hills, 6-7 and Gadhia Dhar, 
1045, 106, 

Granophyric structure, 6-7, 12; distine- 
tion from ‘ felsitic *, 97. 

Gravity, specific:—Bhatwari Dhar 
incipient spherulitic felsite, 94, 96; 
slightly porphyritic granophyre of 
Khoria Dhar, 94. 

‘Great Ice Age', general depression of 
the provinee, 45. 

Great Northern Freshwater Marsh 
or Ger, alluvium, 62. 

Great Salt Marsh, alluvium, 64, 70; 
area, 70; artesian-wells, 73; Dwirka 
beds, 150; Madhavpur,7s; reclaimable 
waste territory, 70,73; 5. of Navi- 
bandar, 75- 


Gudazali Dhar, Sound and strong grey 


Gypseous alluvium, Miani, to. 
Gypsum, selenitic, 60; precipitation of, 72. 


HABARDI in Western Navanagar,:=. 

Habardilite, ornamental laterite-conglo- 
merate, 25. 

Hematite, earthy, 26. 

Falopyrum omcronatum, 76. 

Hardening of rocks, 26, 

Harker, Dr. Atfrep, M.A, LL.D., 
F.R.S., P.G.5., 190, 145, '5ls 160, 
Hathiani Temple, Gij deposits, 62; 

yellow-ochre near, 148. 

Headquarters of the Geological Sur- 
vey, 19. 

Heights of Adatiana, 1, 15, 19, 25, 45, 
53, 63, 100, 113, 114; and of Chaya, 
163. 

Heliotropium indicum and ovalifoltunt, 77. 

Higher Tertiary or Pliocene Period, 17, 21. 

Hinve, De. G. J., Pu.D. F.RS., 
F.G.5., 144, 

' Hog-backed * hills, 13. 

Holocrystalline texture, 3. 

Hydrophylax martina, 77+ 

Hypabyssal rocks, 3, 4, 10, 20, 76, 93-119; 
age of, 13,93 ; chemical analyses, 94; 
colour, 95 ; economic, 9§, 115 3 opti- 
cal analyses, 95. 

Hypocrystalline texture, 
120-)22 ; rhyolite, 13§- 


olivine-basalt, 


‘ICE AGE’”, subsidence of the province, 45. 

Iddingsite, tat. 

Igneous or Massive-rocks, 4; age, 13.5 
tests for sound, 5. 

Incipient laterite, 26, 

Incipient spherulitic felsite, 96-93; ac- 
cessory constituents, 97; conTposi- 
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tion, 94, 95; gravity, 94, 96; struc- 
ture, 97 ; uses, ob. 

Incoherent Sand; decomposed hypabys- 
sal rock in cave called Jambuvanti 
Bholra, 118, 119. r 

India, Peninsular, 13, 19, 40: cities 
Of, 51. 

Inman CemENT ComMPANY, LIMITED, 55, 
rid. 

Indian Geological Record, 13, 19. 

* [ndian-reds of commerce’, 15. 

Inland Gij Group outcrops and exposur- 
es; ‘ Bhirwiiralite’, 62; coral-zone, 
62; evidences of, 65; ‘* Pinddralite, 
€2; yellow-ochre, 42, 62, 148, 

Intergrowths of felspar and quartz, 7, 
5, 10. 

Intermediate lavas, 4, 35. 

Intersertal structure, 120. 

Intratelluric period of consolidation, 126, 
138. 

Intrusive rocks, structure of, §. 

Ipomea biloba, 76, ; 

Ireland, orbicular granites, 111. 

‘Tron-nines' of Bakharla, 30. 

[ron-ores, 10; blast-furnaces for, 41 ; in 
granophyre of Babia Dungar, 109 ; 
lateritic, 370. 

Iron silicide, $3, 122. 

Irrigation proposals, 73. 

Isotropic glass, 10; see’ Petrographical 
Determinations’, 90-166. 


J 


Jaderra Dhar, altered granophyre, 110. 

Jaferabad, miliolite cliffs, 47. 

Jam Saheb’s Palace, Pindaralite, 54, 

Jambuvanti Bhotra, 49; decomposed 
hypabyssal rock of cave, 115, 119 ; 
palagonite scales, 119, 

Javantara Bara, ornamental spherulitic 
felsite, 99. 

Jher,—gorge or gully,—Bhil, 26, 53; Sij, 
52, 53% Vijfaria, 107, 109. 

Jointing, columnar, 5, 122; peculiarity in 
small dykes, 6; polyhedral, 7. 

Jupp, Proressor J. W., 38, 121, 124. 


Jukes-Browxe, A. J., B.A., 
F.G.S., 144. 


F.R.S.. 


KANDORNA, 1, 19; miliolite-base con- 
glomerate, 19, 20. 

Kaolin and kaolinite, rr. 

Kaolinisation, 1 1. 

Karachl, Municipality, 51, 96, 104, 116. 

Kari Dhar, altered granophyre, 110. 

Katela,-Dwirka beds, 43, 44, 63; flag- 
stones, 63, 

Kathiawar, 13, 17, 40; céssation of vol- 
canic activity during the Lower Eocene 
age, 136; elevation of the entire pro- 
vince, If; Pleistocene foraminiferal 
limestone or ‘ Porbandar-stone’; Ter- 
tiary depression of the coastal border- 
land, 15. 

Keseo, Deccan-irap, 62; Gaj beds, 62. 

Khambala talav, 140. 

Khambhodar, 25; shaloid Dwarka- lime- 
stone, 64. 

Ahan ,—quarry,—Babudi ocar Madhav- 
pur, 76; Mithi, 63%. 

Khapat, 19. 

Khijdar, miliolite-base, 19, 

Khimeshwar temple, consolidated, shell- 
sand pits, 162; raised beach, 63 ; sand 
dunes, G3. 

Khirasra, miliolite-base, 19. 

Khistri, rhyolite dyke, 43. 

Khorla Dhar, analysis of granophyre, 
94; grey granophyre, 113; spherulitic 
felsite, 100. 

Kolikhara, 19 ; Dwarka beds, 43, 44. 

KRISHNA, 49. 

Krishna Jhar, ornamental spherulitic 
felsite, og. 

Kunchri, Dwarka beds, 43, 44, 63, Gy, 86, 
87 ; raised-beach, 63 ; sand-dunes, 63; 
Sub-Recent consolidated shell-sand, 77. 

* Kunchri-stone, 45, 63, 150; microscopic 
structure, 87; special uses, Gy, 87. 

Kunwadar-Majiwina-Sish, dyke of dense- 
black basalt, 136, 137. 
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L LemBerG, J., microchemical tests, 145. = 
. Lepidagathis frinervis, 77. J. 
LACUSTRINE mudstones, bed of Kham- Level Datum Pillar, Miani, 43. 
bala talav, 139. Light, ordinary, (natural), and polarised, 9. ‘ 
Ladha Dhar, ornamental spherulitic fel- * Light-red,' pigment of commerce, 42, 145. 
site, TOO. Light volcanic rocks, 36, 85, 119, 193-196; 
Lamellibranchiata, 142, 154, 166. Limburgites :—Non-felspathic rocks cha- 
Lamellibranchiate fossil-shells, Tukra, 61. racterised by a coloured, (brownish), 
Laminarian-rone, 15, 47. glassy base and essentially composed : 
Lamprophyres :—Holocrystalline, hypa- of units of augite, magnetite and fre- 
byssal dyke-rocks with a subordinate quently rich in olivine, 4. 
silica percentage, but rich in alkahes Lime, derived from mibolite, 58. 
and ferro-magnesian silicates, espe- Limestone, arenaceous Gj, 147 ; dolomi- 
cially of biotite or brown-mica, 4. tised, 16, 144; Dwarka, 42, 43, refer 
Land, gradual elevation since the Pleisto- back to ‘Dwirka Group of beds’; Gaj, 
cene submergence, 7o; fertility of refer back to ‘Gaj Group of beds’; 
elevated soil, 7o; reclamation of the flagey, pale-coloured, 44; miliolite, 
Great Salt Marsh waste, 73. refer forward to ‘ Miliolite "; orbitoidal, 
Landmarks, geological, from Mokal, 70. 143; rubbly, russet-coloured, 44 ; sub- 
Laterisation of lavas, 25, 26, 29, 129, 131 ; aerial, 162-166, 
of Dwa4rka conglomerateand miliolite,  Lithothamnion, calcareous Alga or sulli- % 
29, 131, 13- pore, 92, 141, and as clastic units in 
Laterite, age, 28 ; alum and aluminium, 31 ; marine-littoral sedimentary rocks, 
aluminium hydrate, 27; aluminous quod tide. 
silicates, 27; Bakharla, 27; bauxite, Littoral-rone, 18; animal and plant re- 
49, 132 ; breccia, 28; building-stone, 31; mains of, o1, 92. 
conglomerate, 23, 61; definition, 25; Lizard’s burrows, 67. 
evolution, 41; ferro-magnesian sili- Longulites, 134. 
cates, 27; germ-theory of origin, 29, Lower Eocene, qo, 136. ‘ 
40; impure, 31 ; incipient, 26; indur- LYELL, SIR CHARLES, 151. 
ated, 13 ; iron-ore, 27, 30; limonitic- 
calcareous conglomerate. 25; meta- 
chemic changes, zy; nature of, 131; ve * 
origin of, 29, 131 ; ornamental stones M 
derived from, 22; pisolitic, 29, 133; 
pseudo-oolites, 29; Ramawao, 27; M'CULLY, R.E. J., 49) 55, 72) 94. 
ridges, 27; road-metal, 31; rust- Madhavpur, Babudi Khan, 165, 166; ; 
coloured hill-caps, 27; ?ukra, 29, consolidated blown-sands, 8. aK 
61, 131; tukralite, 29, 132; uses of, Madras, 51. AS 
_ Br 31: Varieties of, 26 ; Wadala, 92, Madrepores, 142, 158, 159, 160, 166, <2 
131. Magma-basalts :—Non-felspathic or poor- rh ! 
Lavas, acid, 4, 35,35 ; age of, 13, 81 ; basic ly-felspathic rocks of essentially all : a 
4, 14. 35 35; basic-glass, 130; bedded, glassy texture, containing units of ed 
Sr, 119-138 7 classification, 4, 34, 36; only augite and magnetite, and having eg |: 
country-rock,’ 40; intermediate, 4, 55; the chemical composition of basalt. ae, a ee 
sequence of, 35; ultra-basic, 4, 35. Magmas, acid and basic, 4. ae 
Lawson, A. C., 121. Magnesium chloride, estimation in ‘mother- men. 
Lesa, Measuam M, INST. ©.E., 96, liquor’ of evaporated salt of Porban- ae . 
116, dar salt-pans, 5 23 
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Magnetite or magnetic iron-ore, a con- 
stituent of most igneous and as clastic 
particles in many sedimentary rocks. 
See ‘ Petrographical Determinations,’ 
go-166, 

Malabar-coast, laterite used for build- 
ing, 31. 

Manchhar Group of Sind, 21. 

Margarites, 97, 134. 

Marine organisms, 12; comminuted Shells, 
r6, 

Marsh, Great Northern Freshwater 
(rer, 62; Great Salt, 64, yo, 73, 75: 
150; saliniferous, Mianl, 6o, 

Massive or Igneous rocks, 4; geological 
ages, 1%; tests for sound, economic 
stom, 5. 

Materials, strength of, 2. 

Meda-creek, 43, 60; gypsum precipitate, 
60; level-datum pillar, 44; salinifer- 
ous marsh, 60, 

Mesolite, a triclinic zeolite,—hydrous 
silicate of alumina, lime and soda,—in 
amvedales, &2, 122. 

Mesozoic Era, 13. 

Messent, P.G., M. Inst. C.E,, 57. 

Metachemic changes, basalt of Bhav- 
pura, 126; in laterite production, 27, 
4t. 

Metamorphism, chemical, 27, 41, 126; 
contact, 33, 84, 95, 128; thermal, 123. 

Metasomatism in Gaj limestones, 144. 

Miani, wolian sands, 60; alluvial mud, 
60; coastal-borderland section, 28, 
€o; conglomerate, 43; coral-rock, 
43, 60; delta of the Wartu-river, 
60; Dwirka beds, 43, 60; geological 
atrrichans, 60; gypsum, Go; level- 


datum pillar, 43; Meda-creek, 60; 


miliolite, 43,60; saliniferous marsh, 
60; selenitic gypsum, 6o; splt- 
bound harbour, 60. 
Microchemical tests, LEMBERG'S, 145. 
Microcrystalline felsite, Dhanak Dhar, 
107. 
Microgranite, 3 
Microlites, 37. 
Micropegmatite, 6-7, 8; 
structure, 97: 


incipient, 12; 


Micropegmatitic texture, 37; nuclei of 
orbicular granophyre, 112, 13; 
rhyolite, 176. 

Microscope, differences between felsites 
and rhyolites under the, 47. 

Microspherulitic structure, 47. 

Mires, Sim Henry A., D.Se., 
F.R.S., 002, 144. 

Afiliolina, 92, 141, 147, 157) 155, 160, 161, 
ps. 

Miliolite, miliolite-limestone or ‘Porbandar- 
stone, Adatlana-Helghts, 14-15, 45, 
52, 90-93; Adatlana village, 52; 
Adodar, 69 ; age, 17, g1 ; arenaceous, 
47; basement beds, 54,70, 91: 
Bryosoa, 92; calcite mosaics, 92; 
cementing matrix, 55, 59; chemical 
composition, 58; Chirora-ka-Tobra, 
69, 93; clastic units, sq; coastal, 47; 
composition, g1; concretionary base, 
92, 93; conglomerate, 19, 46, 91; 
crushing strain, 50, 57; datum pillar, 


M.A., 


42; deep-sea, 91; deposition, 15, 46 7 


different textures, 18; drift, 65, 70; 
Echinotdea, ot ; false-bedded, 17-15; 
Foraminifera, 92; Gloduperina, 92; 
grading of, 50-51; highest grade, 50, 
69; inferior, 99; lamina, 59; lami- 
narian-zone, 18; laterised, 29, 47; 
flevel-datum pillar, 43; lime from, 
53; Himestone-limit, 25, 46, 45; 
Lithofhamnion, 92; littoral-zone, 
18, ot; main deposits, 45, 4: 
Mianl, 43, 60; microscopical grad- 
ing, 59; microscopical structure, sq, 
93; A¥iliolina, 92; Molusea, g2; 
name, 46; occurrence, 17; origin, gt ; 
peculiar, 93; perforations, 47; Period 
of sedimentation, 91; Pleistocene 
Period, 18,91; Pulpinulina, 92; pure 
limestone, 46; Quarry-plots, 49; 
Salak Tobra, 69 ; second-grade, 51; 
sedimentary origin, 59; sedimentation, 
18; stained by laterite, 92; structure, 
17; terraces of, 18; Fextularia, 92; 
thickness of, 47, 48, 50; third-grade, 
51; Tukra, 47, 61; uses of, 50; varia- 
tions in texture and composition, 18, 
45, 91. 
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Mineral units of rocks, 2. 

Mining and quarrying sites, 6. 

Mingar-river, ‘9. 

Miocene Age, coral-zone, 62; depression 
of the coastal-borderland, 14, 15% 
Mollusca, 141 ; Gj beds, 140-145. 

Mithi Khan, Sub-Recent consolidated 
blown-sand, 65, 77: 

Mohr Chupra Dungar, ruddy-grey, 
sub-holocrystalline granophyre, 114- 

Mokal, alluvium, 7o, 71; bedded-lavas, 
vo; Dwirka beds, jo; geological 
landmarks, 70; miliolite-base, 7o, 7! : 
miliolite-drift, 70. 

Mollusea, "2, 92, 142, 1445 clastic particles 
in most sedimentary and sub-nerial 
rocks. See ‘Petrographical Determi- 
nations,’ 90-166. 

Molten-magmas, 4. 

Monsoon conditions, 26; ultra, 41. 

Morana, opaque tachylyte, 130. 

Morwara, compact-zone amygdaloidal 
basalt, 22; fissile amygdaloidal 
basalt, 125, 126; hypocrystalline oli- 
vine-basalt, 120-122; laterised amyg- 
daloidal basalt, 128-190; stem-like 
amygdales, 129. 

Moss-agate geodes, 83. 

‘Mother-liquor’ from evaporated sea- 
water analysed, 72; magnesium chlio- 

ride im, 72. 

' Mosaics of calcite in thin sections of mi- 
fiolites and most sedimentary and 
subaerial rocks, See ‘ Petrographical 
Determinations, * 90-166. 

Mount Etna, !4'-. 

Mount Oirnar, 14. 


Mud, 62, 64, 66, 73, 139; dark-grey of the . 


Great Salt Marsh, 7o; salniferous 
and gypseous of the Salt Waste of 
Mianil, 60. 

Mudstones, lacustrine and riparian, 139. 
Mulmadhavpur, minute structure of the 
consolidated shell-sand, 157, 155. 

Muscovite, 147; 153. 


NAGKA, lithoidal rhyolite, 15, 34; obsi- 
dian vein, 18, 33) 34: 133. 146 


Napoleonite, or ball-diorite of Corsica, 
Lit. 

Natrolite, a rhombic zeolite,—hydrous sili- 
cate of alumina and soda,—in amyg- 
dales, §2, 122. 

Natural chvaam, 63. 

Nautilus sp., 142. 

Nawagam or Rajpura, small limestore: 
quarry and shelly conglomerate, 74- 

Nodosaria, 155. 

Norites or abyssal. holocrystalline rocks, 
composed essentially of a lime-soda 
felapar and a rhombic pyroxene. 
When the pyroxene is monoclinic, the 
rocks are called gabbros. Both 
norites and gabbros vary from an 
intermediate to a thoroughly basic 
character, the latter usually holding 
abundant units of olivine, 3- 

North-Western Kathiawar, Dwirka 
Group of beds, 15. 

Nullipores, G2, gt, 144. 

Namemulinida, 144. 


o 


OBSIDIAN, vein of black at Nagka, 15, 
33) 34> 35 133) 134; Osham HIM in 
Gondal State, 35; Rojhra in 
Navanagar State, 45- 

OBSIDIUS, 133. 

Ochre, red, 26; yellow, 42, 62, 145. 

Okhamandal, Gackwari Taluka ol, 16, 
41,42; Dwiirka beds, 149. 

Oldest rocks in Porbandar State, 5:. 

Olivine in blown sand, 166; in many basic 
rocks, see ‘Petrographical Determi- 
nations ", go-7166, 

Oolitic structure, 199, 160; concretions 
160. 

Operculina, 165. 

Optical analyses, felsites and granophy- 
res, 95. ‘ 

Orbicular granites of Ireland, Sweden 
and the United States of America, 
rn. 

Orbicular granophyre of Gured Dhar, 
111; celyphitoid borders, 112; highly 
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ornamental character of, 112; micro- 
Pegmatitic nockei, 112, 1135 micros- 
copical determinations, 112, 113; 
speciic uses, 112. 

Orbitoidal limestones, 143. 

Orbitetides, 141,144; 0. dispansa and O. 
eplipprmm, 14.4. 

Origin and nature of rocks, 3; laterites, 
29, 30, 41, 1313 miliolites, 18, 59, 91 5 
rhyolites, 38; sedimentary deposits, 
13% Sub-molian Dwiirka beds, 16, 

Orio Vokala, 16, 18, +. 

Ornamental stone:—Amygdaloids, 83 ; 
changes in colour due to oxidation 
and sunbaking, 26, 27 ; felsites, 9, 5» 
99; Gaj limonitic-limestones, 15, 42 ; 
habardilite or calcareous laterite-con- 
giomerate, 25 ; holocrystalline grano- 
phyre, 114; orbicular granophyre, 
111; rhyokites, 16, 35; spherulitic 
felaites, 5, 10, O9, 100. 

Osham Hill in Gondal State, obsidian 
mistaken for conl, 35. 

Ostrea mulficostata, 142. 


P 


PACHYSERIS MURCHISON, 142. 

Palagonite, clastic grains in consolidated 
blown-sand, 165, 166; scales in de- 
composed sand of the cave, Jambu- 
vanti Bhoira, i19, 130. 

Palakra, Deccan-trap, 62 ; Gij beds, 42, 
G2; pindzralite, 62; yellow-ochre, 42, 
G2, 198. 

Pans, salt, of Porbandar, 71, 72. 

Pata, Aloe vero, 77; sand-<dunes, 75 ; 
Sub-Recent consolidated shell-sand, 
77 

Paving-setts, 84. 

Pecten bouciand £. fovrei, 142. 

Fectunculus pecten, 142. 

Pegmatite, & 

Pelecypoda or Lantellibranchiata, shells of 
Recent, 68, 

Peneropliz, 152, 165. 

Peninsular-India, 13, 19, 40 ; citles of, 
51. 


Perforations, cause of in chiya-stone, 67 ; 
in mifiolites, 47. 

Peridotites :—Abyssal, holocrystaliine 
rocks of wultra-basic composition ; 
strictly non-felspathic, but occasional- 
ly with subordinate felspar, and rich 
in olivine. When altered, they pro- 
duce serpentine-rocks, 3. 

Perlitic structure, 140 ; cracks, 37. 

Petrographical Determinations, go-166 ; 
altered amygdaloidal basalt, Saja- 
nawala Nes, 129-125; altered 
coarse granophyre, Babia Dungar, 
1og, 110; altered pink granophyre, 
Vijfaria Jhar, 108; amygdaloidal 
basalt, compact-zone, Morwara, 122; 
arenaccous, Gij beds limestone, 
Degam, 147; ‘ bhirwiralite', or- 
namerntal limestone, Bharwara, 146; 
black basalt of dyke, Kunwadar= 
Majiwana-Sisll, 138; black basalt 
of narrow dyke, near Bakharla, 137; 
brown-grey sunbaked-rhyolite of 
dyke, Nagka, 134; chemicallr-meta- 
morphosed basalt, Bhavpura, 126, 
127 ; cleaved porphyritic granophyre, 
summit, Dhori Dhar, 107 ; consoli- 
dated blown-sand, ‘ chaya-stone’, 
Chaya, 163, rq ; consolidated blown- 
sand, Madhavpur, 165, 165; con- 
solidated shell-sand, Bhado Dhar, 
152, 153; consolidated shell-sand, 
near shore, Chaya, 154, 155; con 
solidated shell-sand, City-creek, 
Porbandar, 151, 152; consolidated 
shell-sand, Khari Khan, 162-163 ; 
consolidated shell-sand, Mulmad- 
havpur, 157, 158; consolidated 
shell-sand, Navibamdar, 156, 157 ; 
consolidated shellsarcl, Rana 
Saheb’s Palace, 150, 151; con- 
solidated shell-sand, Rabarikhira 
Khan, 158, 159; consolidated shell- 
sand, Village of Tunkra, 155, 156 ; 
decomposed hypabyssal rock, Jam- 
buvanti Bhoira, 118, 119; felsitic 
granophyre, 104 ; finely-textured por- 
phyritic granophyre, Dhordi Dhar, 
117, 118; finely-textured porphyritic 
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granophyre, Dhori Dhar, 116; 
finely-textured sub-porphyritic grano- 
phyre, Cocachia Dhar, 117 ; fissile 
amygdaloidal basalt, near Morwara, 
125, 126 ; fissile amygdaloidal olivine- 
basalt, Wadala, 127, 125; foramini- 
feral flagstone, Dwirka Group, 
Degam, 161, 162; foraminiferal flag- 
stone, Dwirka Group, Kunchri, 160- 
161: holocrystalline granophyre, 3 
miles NE. of Ranawao, 115, 116; 
holocrystalline ornamental grano- 
phyre, Adatiana-Helghts, 114, 115 ; 
hypocrystalline olivine-basalt, Mor- 
wara, 120-122; hypocrystalline, pur- 
plish-brown rhyolite, Nagka, 135; 
incipient spherulitic felsite, Bhatwarl 
Dhar, 97; laterised amygdaloidal 
olivine-basalt, Morwara, 125-130; 
miliolites,- exemplified by typical high- 
est-grade sample from the Adatiana- 
Heights, 59, 91 and Fig. 33; obsidian, 
small apophysial vein near Nagka, 
134; orbicular granophyre, Gured 
Dhar, 101-113; ‘ pindéralite’, orna- 
mental limoniticlimestone, 143; piso- 
liticlaterite, containing bauxite, 
Tukra, 133 ; porphyritic microcrystal- 
line felsite, Dhanak Dhar, 103 ; rhyo- 
lite with micropegmatitic structure, 
Paria Dhar, 136; spherulitic, orna- 
mental felsite, Adatiana-Heights, 
1oo-103; spherulitic, ornamental 
felsite, Krishna Jhar, 99; sub- 
sub-holocrystalline granophyre, Rana- 
wao-Bordi road, 115; Sulyholo- 
erystalline granophyre, Vijiaria 
Jhar, 107-109; Sub-Recent rocks, 
89 ; ‘ Tukralite’, 132; typical grano- 
pbyre, Dhorl Dhar, 1o6; typical 
granophyre, Gadhia Dhar, 105, 106, 
Petrology, modern applied, 2. 
Photograph and photomicrographic re- 
productions, See List of Plates’. 
Phyla of economic stones of Porbandar 
State, go-166. 
Physical properties of, acid volcanic 
rocks, 55 ; basic wolcanic rocks, 55 ; 
consolidated shell-sand, 83 ; Dwirka 


limestones, 57; felsites,g; Gaj lime- 
stones, 42,62 ; miliolites, 50, 51. 

Piers of bridges, 84. 

Pigments, ‘indian-reds’, 15 ; * ight-reds,’ 
42; yellow-ochre, 42, 62, 145. 

Pindara in the Gulf of Kutch, 15. 

Pindiralite, 16, 86, 143; Jam Saheb's 
Palace, 56; microscopic structure, 
143, 144; Palakra, 62. 

Pisolitic laterite, impure aluminium-ore, 
29, 133. 

Pitchstones :—Hypabyssal rocks of the 
glassy or vitrophyric type, occa- 
sionally containing crystals, but fre- 
quently full of incipient crystalline 
growths, 3, 4, Po. 

Placuna sp., 142. 

Plants concerned in the conservation ol 
blown-sand, 76, 77. 

Pleistocene Age, 12, 14-15, 21, 25; 
Dhwiirka beds, 17 ; elevation of the land 
subsequent to the, 7o; foraminifera 
limestones, 46; ‘habardilite’, 29; 
laterite-conglomerate, 28; miliolite, 
18, 46, 88 ; sea, 46 ; subsidence during 
the, 45. 

Pliocene Age or Higher Tertiary, Dwarka 
beds, 17, 149, 150. 

Plio-Pleistocene age of the Dwirka beds, 
42, Oy. 

Plutonic, Abyssal or rocks of deep-seated 
consolidation, 3. 

Polarised light, 9. 

Polyzoa, clastic units of ectocysts, 141, 
142, 144, 146, 147, 151. 

Porbandar City, alluvium of the Creek, 
69; cement works, 58; consolida- 
ted shell-sand, 17; Dwirka beds, 42- 
44, 63, 64; Gaj beds, 1§ ; Quaternary 
strata, 65; sand-dunes, 63, sea-level, 15; 
Victoria Jubilee Bridge, 15. 

Porbandar State, coastal countryside, 
41, 60-79; consolidated blown-sands, 
169-166; Dwirka beds, 42, 199-162; 
economic felsites, 12; Gaj beds, 140- 
148; granophyres, 12, 93-119; old- 
est rocks of, 13°; port of, 99; rhyolit- 
es, 32, 139-136; sedimentary rocks, 
139-162; sub-aerial rocks, 162-166; 
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sub-central portions, 1-21 ; volcanic 
rocks, 119-136. 


« Porbandar-stone’, miliolite or miliolite- 


limestone, 90-93; ‘refer back to 
* miliolite.’ 

Porcelain, manufacture of, 111. 

Porphyries and Porphyrites. A com- 
paratively limited conventional group 
of hypabyssal rocks of- intermediate 
chemical composition; characterised 
by their porphyritic structure, i.@., Of 
phenocrysts in a ground-mass. Por- 
phyries are distinguished by the 
predominating presence of alkali or 
monoclinic felspars, and porphyrites 
by soda-lime or triclinic felspars in 
preponderance, 2, 4. 

Post-Pliocene Dwarka beds, 17. 

Post-Tertiary elevation of the land, 17. 

Potters’ clays, 139. | 

Pre-Miocene formation of laterite, 41. 

Prospecting for massive merchantable 

stone, 6. 
Province of Kathiawar, 13 ;° subsi- 
dence during the Pleistocene Period, 45. 

Pseudo-cleavage in small dykes, 7. 

Pseudo-politic emanations, 160, 164, 

Pseudo-spherulites, when the black-cross 
shifts upon rotation of the thin sec- 
tion between crossed nicols 11. 

Pullastra virgata, 142. 

Pulvinulina, 92. 


Q 

QUANTITATIVE chemical analyses of 
hypabyssal rocks, 94. 

Quarries, Babudi Khan, Madhavpur, 
+6; ‘ Chiiya-stone’, 66, 67; miliolite- 
limestone, 1, 25. 

Quarrying and mining sites, 6, 20, 117, 118. 

Quarry-sites, 6, pegging out, 10 ; sign on 
geological chart, 20. 

Quarterly Reports, '-21, 25°54) 57-79: 

| 81-166. 

Quartz, amygdales, 82; clastic particles 
in sedimentary rocks, sec‘ Petrogra- 
phical Determinations’, 90-93, 139- 
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166 ; fibrils, 8, 11; intergrowths with 
felspar, 7, 5,10; micropegmatite, & 
7, 8, 12,97 ; mineral units in hypabys- 
sal rocks, see ‘ Petrographical Deter- 
minations', 3-119; rhyolites, 133- 
136. 

Quaternary Era, Lower, 21 ; strata, Por- 
bandar City, 65, 66. 


RABARIKHIRA KHAN, consolidated 
shell-sand, 158, 159. 

Rallway-cutting, fine exposure of sec- 
tion of spheroids in hypabyssal rock, 
directly covered by  false-bedded 
miliolite, near Rindwho-station, 4. 

Raised-beaches, 16, 18, 21, 87, 162. 

Rajkot, 45. 

Rajpura or Nawagam, small limestone 
quarry with base of shelly-conglo- 
merate, 74. 

Rana Saheb's Palace, Dwiirka beds, 19, 
150. 

Ranawao, 1; Adatiana-Heizhts, 45 ; 
Dwirka beds, 43, 44, false-bedded 
miliolites, 4, 48, 49, 71; . railway- 
cutting, 4; railway-siding to ex- 
tensive miliolite quarries, 48 ; State- 
jungle, 19; Tertiary Period depres- 
siOn, 15. 

Ranawaeo-road, Porbandar City, 
Dwirka and G&j beds exposed by 
the creek, 15. 

Rangoon, 51. 

Ratari, 62; long ridge of Dwirka beds, 


Recent-Period 15, 21; consolidated blown 
and shell-sands, 77. 

Reclamation of land from the Great Salt 
Marsh, 73. 

Re-crystallised calcite, 12, 14-15, 28; see 
also ‘Petrographical Determinations,’ 
O35) 139 T4414], 191, 192, 155-160, 
163-165. 

Red, Indian, 15 ; ochre, 26, 

Renawara, Dwirka flagstones, 44; 
Giij fossiliferous limestones, 141, 142. 
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volume, paged in small Roman nume- 
rals, -cucy. 

Reports, Quarterly, 1-21, 25-54) 57-79+ 
61-166. 

Reticular jointing, 122. 

Rhyolites, 32-39, 133-196; age, 38: 
banded, 33, 35 3 building-stones, 46 ; 
columnar, 33) 35; contact metamor- 

" phism, 37; definition, 34; devitrifica- 
tion, 373 differences from felsities, 
47; dykes, 18, 33, 34; Eocene age, 
33; flow-structure, 34) 35: reolo- 
gical age, 33; glassy, 35: Gondal 

State, 35;  hypocrystalline, 135; 
indurated, 18, 33. 343 Khistri dyke, 
43 ‘light-volcanics’ of the United 
States, 76; lithoidal, 18; localities, 
32, 98; micropegmatitic, 136; Nagka, 
18, 33, 34; Navanagar State, 33, 
44; Obsidian, 18, 33-35) 133. 'Hi 
occurrence, 38; origin, 38; Orlo 
Vokala, 16, 18, 34; Osham Hill, 
a5; Porbandar State, 42-38, 133° 
136 ; road-metal, 36; Rojlira, 33, 34 
special uses, 35, 30, 134, 135 + Specific 
gravity, 373 spheroidal shrinkages, 
35% spherulitic, 135 3 varieties, 35. 

RichTHoOFES, Baron F. VON, 35. 

Wartu, 60. 

River-gravel, Visa wara, 61. 

River-terraces, 18, 21, 61, 89, 102. 

Road-metal, 7, 11; compact lavas, By, 
120; dense black basalts, 137, 148 ; 
Dwirka limestones, 64; hypabyssal 
rocks, 51, 93) 104, 105, 114, ri6, 107; 
Karachi Municipality, 51,95, 104, 
116; laterite, 31; rhyolites, 36; 
Southern-districts of Porbandar 
State, 78, 79 

Roches moufonnées appearance of blown- 
sands, 77- 

Rock-plains of bedded-lava, 13. 

Rocks, abyssal, 3, 34 7 acid, 4. 34, 133-135: 
gzolian, 18, 163-166 ; amorphous, 10 ; 
dasic, 4,24, 136-138; bedded lavas, 
1-85; chemical composition, 2; 
chemically classified, 4, 34 ; colour 


changes, 26, 27; columnar jointing, 
s, 36; Deccan-trap, 81; detrital, 15; 
dyke, 5, 20, 38, 85, 133-198; economic, 
Uy 2, dp Se 20) 20, 350 44+ 450 42, 78, 81, 
64, 6, SS, 90, 93, Ody D5. 100, I 1-112, 
Itg-107, 119, 193; eruptive, 34, Bi; 
glassy, 10; hardening of, 26; holo- 
crystalline, 3; hypabyssal, 3) 4» 5, 
10, 20, 26, 34, 93-1137 hypocry- 
stalling, 120-122, 195% igneous, 
5; imtermediate, 4, 343 intrusive, 
§; isotropic, mo; lateritic, 25-3% 
41, 191-133; light-volcanic, 76, Ss, 
11g, 133-130; limonitic-limestone, 
refer back to ‘ Gdj Group; massive, 
4; miliolitic, refer back to * Miliolite’; 
nature and origin of, 3; oldest in 
Porbandar State, 81 ; phyla of, 90- 
9%, OF 119, I1g-198, 139-162, 162- 
166; plutonic, 3, 34; Recent, 18, 89; 
relationship of mineral units, 2; 
science of, 2; sedimentary, 149-162; 
spheroidal shrinkages, 5, 36; Sub- 
aerial, 162-166; Sub-recent, 15, 89 ; 
ultra-basic, 34; Wolcanic, 4, 5: 35: 
119-138; wearing down of, 53 
weathering of, 5. 

Rojhra in Navanagar State, obsidian, 
33; obsidian mistaken for coal, 35. 

Rosensuscn, Proressor H., 126 
136. . 

Fotalia, 147, 160. 

Rofalida, 12, 154, 161. 

Roxsurcn, Dre.W.,M.D.,F.R.S.E., 76: 

Rubislaw quarries, Aberdeenshire, 
granite, 5. 

Russet-coloured, rubbly-limestones of the 
Dwirka Group, Arninia, 44; 
Bokhira, 44; Katela, 44; Sirina- 
gar, 44- | 


SAJANAWALA NES, altered basalts, 
123-125 ; felsites, 94. ' 
Sakhpur, yellow-ochre, 145. 
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Salak Tobra, Dwiirka flagstones, 69; 
white limestone, 69. 

Salt Marsh, the Great, allovium, 64, 70; 
area, 70; artesian-wells, 73 ; Dwarka 
beds underlying and occasionally out- 
cropping, 150; Madhavpur, 75: 
reclaimable waste territory, 70, 73: 
south of Navibandar, 7s. 

Salt-pans, 64, 71; evaporated sea-salt, 
Ti, 72 ; magnesium chloride, 72. 

Sand molian, 60; blown sea, 21, 60, 75; 
cave, of decomposed felsite or grano- 
phyre, 49. 

Ssand-dunes, 21; Chaya, 68; Khimesh- 
war Temple, 63; Kunchri, 63; 
Miani, 60; Porbandar City, 63; 
Tukra, 61. 

Satavari Jhar, Navanagar State, 5. 

Sathvirda Nes, 53; fresh-grey grano- 
Phyre, 109; the vale of, 26. 

Schisester grant, 143. 

Science of rocks, 2. 

Sea, the Pleistocene, 46; the Tertiary,28. 

Sea-salt, evaporated, 71; ‘mother-liquor ' 
from, 72. 

Sea-water, magnesium chloride in, 72. 

Second Quarterly Report on the Economic 
Geology of Porbandar State, 25- 
a4 


sedimentary deposits, 13-19, 46-53, 90-93, 
17g. 062, 

Selenitic gypsum, Miani, éo. 

Sepia sp., 142. 

Sequence of volcanic lavas, 38. 

Serpentine in amygdales, 124. 

Setts, paving, 84, 

Shaloid Dwarka limestone near Kham- 
bhodar, 64. 

Sheets of lava, 4. 

Shell-sand, consolidated, 10, 17, 21, 63, 87, 
150 ; Sub-recent consolidated and con- 
solidating, 44, 63. 

Shrinkages, spheroidal, 5; diminutive, 
£22, 

Signs and colours on the Geological Chart, 
ZO, 25. 

Sij Jhar, miliolite, 52, 53. 

Sikasa, allovium, limy and gavelly con- 
glomerate, narrows of the Qreat 
Salt Marsh, 75. 


INDEX 


Silica, cloudy, 122. 

siliceous amygdales, 82, 

Silicide of iron, 83, 122, 129. 

Sind, Gij Group of beds, 15, 21; Manch- 
har Group, 21. 

Sirinagar, Dwirka beds, 43, 44, 63: 
Gaj fossiliferous beds. 63, 141. 

Sites for quarrying and mining, 6. 

Soil, burnt volcanic dust, 26; fertile re- 
claimed, 7o; laterised, 26. 

sound-stone, tests for, 5, 6. 

Specific gravity :—Barda HIls rocks, 94 ; 
Bhatwari Dhar stone, g4, 96; inci- 
pient spherulitic felsite, g4, 96 ; normal 
sea-water, 72; salt-pans evaporated 
brine, rer 

Spheroidal shrinkages of dyke rocks, 5; 
ona very diminutive scale, 122, 

Spheroids, 4; small, 122. 

Spherulites, 8, 11, 47, 100. 

Spherulitic felsites:—Adatlana-Heights, 
100 ; definition, 11; incipient, 
Javantara Gara, 99; Krishna 
Jhar, 99; Ladha Dhar, 100; 
microscopic structure, 99, Too ; orna- 
mental,8, 99, too; Rallway-catt- 
ing at Ranawao, 100: Satavari 
Jhar, 5. 

Spherulitic rhyolite, 145. 

Spit-bound harbour, Milani, 60, 

Spondyins rowaultr, 142. 

Stem-like amygdales, 84, 125, Lig. 

Steps, strong stone for, 52. 

Stone for floors, pavements and steps, 52, 

Stone, tests for sound, 5, 6. 

Stratigraphical relations of sedimentary 
deposits, 13. 

Strength of materials, 2, 7, 

Strombus gigas, 141. 

Structure, definition, 5% ; glomero-porphy- 
Fitic, 121; intersertal, zo; perlitic, 
¥9° ; spherulitic, 8, 11, 37, 100, 130. 

Sylophera sp., branched-coral G4j fossil, 
62, 142. 

Sub-aerial denudation, Tertiary and Post- 
Tertiary, 46, 

Sub-aerial rocks, 162-166. - 

Sub-aerially consolidated blown-sands and 
shell-sands, >>, 
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Sub-central portions of Porbandar State, 
f-21. a 

Sub-groups of the Dwirka beds in Por- 
bandar State, 149, 190, 1599, 160. 

Sub-holocrystalline granophyre, Vijtarla 
Jhar, 107-109. 

Sub-recent and Recent 
blown-sands, 77. 

Gob-recent and Recent consolidated shell- 
sands, 77+ 

Subsidence of the province in the Pleisto- 
cene Period, 45. 

Succession of rocks in the region of the 
Barda Hills, <p. 

Sunbaked granophyre, 6-7 ; rocks, 26.. 

Sunbaking, laterisation by, 6-7 ; 26. 

Syenites :—Abyssal, holocrystalline cocks 
of course to medium texture and de- 
cided alkaline composition, essentially 
constituted by mostly hypidiomorphic 
units of alkali felspars or felspathoids, 
and a smaller proportion of ferro- 
magnesian minerals with sundry ac- 
cessories, 3. 

Symwoxs, R. Sypvey, Maniger of the 
Cement Works of THe InpiAnN CéE- 
MENT COMPANY, Limirep, at Por- 
bandar. 


consolidated 


T 


TACHYLYTE, opaque, at Morana, 130. 

Taluka of Okhamandal, 16, 41, 42, 149. 

Tehutri or Umbrella-Babul trees, to. 

Tellina ud-donactalis, 142. 

Temnechinws afimis, 142. 

Temnechtaus costates, 143. 

Temnechinus rousseaut, 145. 

7 maeckines fuberculosus, 143- 

Terraces, river, 18, 21, 61, 89, 162. 

Tertiary Era, colours on chart, 21; de- 
pression of land, 15; Owirka beds, 
16, 85, 199-162 ; Early, 41 ; Gay beds, 
1g, 16, 41, 61, 62, 63, 65, 85. 36, 
140-145; Higher, 149; 528, 28; sub- 
aerial denudation, 46. 

Tests for sound stone, 5, 5. 

Texiularia, 92, 141, (§5) 160, 101. 


Texture, coarse, medium and fine, 8; 
definition, 58; holocrystalline, 3; 
hypocrystalline, 120; micropegma- 
titic, 37 ; microspherulitic, 37 ; ultra- 
microscopic, 47 ; Yalue of, 7. 

Thermal metamorphism, 123. 

Third Quarterly Report on the Economic 
Geology of Porbandar State, 57-79- 

Trachytes —Volcanic rocks linking the 
more acid rhyolites tothe andesites 
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of intermediate chemical composition, 4 a 
constituted essentially of alkali-fels- - | 
pars and an appreciable proportion ae =} 
of ferro-magnesian minerals, but free au). 
from quartz, 4. | ae.’ i 
Transitional phases from felsites to grano- *. ae 
phyres, 10.’ —. f 
Trochus cogmatus, 142. i » F 


Trochus cunin/ans, 1432. 

Trochus lorri, 142. 

Prococyalins Sp., 142. 

Tropical and moist climes, 26. 

Tukra, 25, 31, 41; coastal-borderland, 31 ; 
Dwirka beds, 60, 61; fossiliferous 
beds, 61; Gij beds, 61; laterite and 
laterite-conglomerates, 29, 64, U3! i 
miliclite, 60; sand-dunes, 60. ; 

‘Tukralite', new came for limonitic, 
calcareous variety of laterite-cong!o- it 
merate, 29, 132. me 

Tankra, causeway, 71; coastal border- 
land, 7o, 72; commercially valdable 
Dwirka beds, 73; evaporated salt, 
71; microscopic structure of the con- 
golidated shell-sand, 155-1596; occluded 
creek, 7i ; sandy bar, Le 

Turritelia angulaia, 143. 

Yurrttella sp., 62. 

Turritelia subfasctafa, 142, 

Turritella vittata, 142. 

Typical granophyre, 6-7 ; 105, 106. 
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ULTRA-BASIC lavas, 15; molten-mag- . a ne 


mas, he 
Ultra-microscopic texture, 37- 
Ulira-monsoon conditions, 41. 





* Umbrella" babul-trees, 10. | | 
United States of America, light vol- 


canic rocks or rbyolites used as build- 
ing-stones, 36, 135 ; orbicular granite, 
111. 

Units, clastic, of sedimentary and sub- 
aerial rocks, 139 ; mineral, of igneous 
rocks, 2, 

Upper-Dwirka Sob group of beds, 17, 
149» 

Uses of basalts, 83, 84; ' Chaya-stone,’ 
68 ; Dwirka limestones, 44, 86; fel- 
sites, 9, 93. 94 + Gaj limestones, 42, 56; 
granophyres, 7, 8, 93, 94; laterites, 
40, 31; miliolites, 50, §: ; rhyolites, 
39) 135: 


VALE of Sathvirda, pathway through 
Bhil Jhar, Fig. Ths 26, 

Vandhra Jhar, 25. 

Variations, in Dwirka beds, 63 ; im milic- 
lites, 45. 

Vegetation, paucity of in lateritic regions, 
3le 

Vein of obsidian at Nagka, 18. 

Fenus canceilafa, 62, 142. 

Penus mon-scripia, 142. 

Vertical, miljolite limestone-imit, 2§, 46, 


4a. 

Victoria Jubilee Bridge, Porbandar, 
Dwirka and Gaj beds, 15. | 

Vijiaria Jhar, sub-holocrystalline gra- 
nophyre, 'o7- 109. 

Virpur, 15, 19 ; Gaj beds outcrop, 15. 

Visewara, consolidated river-gravel, 61 ; 
coral-reef, 43, 61; creek-mouth ex- 
posures, 43, 61 ; Cwirka beds, 43, 61; 
Géj beds and fossils, 41, 43, 61, 14! 4 
geological structure of the coastal: 
berderiand, 32, 61; Inland Tertiary 
deposits, 62 ; miliolite, 6s; recaleifed 
corals, 61. 

Vitreous or glassy rocks, 10. 

Vitrophyric structure, 130. 

Fotala,—tributary to river,—Orio, 16,18 : 

Volcanic activity, Early Eocene, 13 ; foci of 
eruplion, 14. 
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Volcanic dusi, burnt, 26. 
Volcanic rocks, 4, 34, 119-129; arid, 3¢. 
119, 193-096; basic, 34, 117335 
dykes, 133-140; intermediate, 44; 
‘fight’ or rhyolites, 56,85, 199, '33- 
136; miliolite clastic-units ; sequence ~~ 
of, 38. a4 
Volcano, basal wreck cf a huge, 40. *" 
Volufa edwarasi, 142. 
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WADALA ; fissile, amygdaloidal olivine-_ _> 

basalt, 127, 125; laterised miliolite, 92. 
Wadhwan, limestone-limit on Chotila 

Hill, 46. , 
Wadwala, Alech Hills, cranophyre, 6-7, 2 3 

1g —  * 
Wadwala, bedded lavas and miliolite- 7 


“base, 71 
Walotra, miliolite-conglomerate, 19. : 
Wandana-vokala, Virpur, outcrop of 
Cuihj beds, 65. 
Wartu-river, delta, Go; 
Morand, 140, 
Wastage for road-metal, 11. 
Water-logging, prevention of, 6. 
WATSON, JOHN, 32, 57. / 
Wearing-down of igneous rocks, 5; of 
laterite, 27. 
Weathering of rocks, 5, 27. 


tachylyte ot — 


¥ 
YELLOW COLOUR of the Gij Group ef — 
beds, 41. 
Yellow ochre, Palakra, 42, 62, 148, 


Sakhpu r, 148, 


ZEOLITES, mesolite, 82, 122; natrolite, 
2, 122, 

2eolitiferous amygdales, 82, 84, 122 ; dis. 
ecidal, 127; stem-like, 128, 12g. mn 

Zones, amygdaloidal, 83, 122; bedded-— 4 
lava, 82; compact or middle; 83; con- 
tact, lower or stem-like, B4-190 5 
sCoriaceous, upper or vesicular, Sz. 
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‘Recent, Recent 


Rip-Tap and Conglomerates forming 
and in process of Consolidation 
RAISED BEAGHES ano RIVER-TERRAGES, 







QUATERNARY 
Plio-Pleistocene Sub 






PPER STAATA or THe DwWARKA GROUP, 
Foraminiferal Limestones 
Coral-rock and Reefs 


Lowen STRATA orte OWARKA Grove. 
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